ORIGINALE ARCH]VIQ

CARLO GAVAZZ| SPACE SpA

A\

AMSO02 - TCS

Tipo Doc.: . N° DRD:
Doc. Typer Technical Note J DrD N°- DEL 075
N° Doc.: Ediz.: Data: Pagina Di
poc. N AMSTCS-TN-CGS-011 |0 14 Date: 31/03/2008 | 000”1 & 200
Titolo : CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS REPORT
Title :
Nome & Funzione Firma Data LISTA DI DISTRIBUZIONE N[ A |
Name & Funetion ., Signatura Date DISTRIBUTION LIST

Preparato da: Burs! A. (DT/MT) (/&,,mdcho £33 | 3 -03-9%| |Interna / internal
Prepared by: ' . 1

Zavallin L. (DTMT)  ¢ozeccasitoabl—131 [03 /08
Approvalo da; i a
Aomroved b | Dua F. ©TMT) F 3//.95/4:@

Vettore C. (SYS) g M 03

Cremonesi L. (PA/ .ao—umeh 5;.95_99

Cinquepalmi C. (P ) 2. &‘A?/l e %@3‘:&)
Applicazione . A Esterna / Extsrnal
autorizzata da: Olivier M. (PM) ﬂ OA 3(/0)/?-"‘“?
Appfication E. Russo (AS]) X
authorized by:
Customer / Higher Level Contractor
Accellato da:
Accepted by:
Approvalo da:
Approved by:

N=Numero di copie A=Applicazione =Informazione
N=Number of copy A=Application I=information

Gestione documenli:
Data Management: 34[‘:’3 Led

Data / Date

File:

AMSTCS-TN-CGS-011_ISS1.doc

/
Questo docum?bﬁntiene informazioni di
All information on

proprietd di CARLO GAVAZZ| SPACE SpA. Tuttt i diritti sone riservatj.
tainer in this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.




v

CARLO GAVAZZ| SPACE SpA

AMSOZ - TCS Ediz.:

N° Doc;
Doo N AMSTCS-TN-CGS-011

Data:
Issue: 1 Date: 31/03/08

CRYQ TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina
REPORT

2 d 200

of

Page

REGISTRAZIONE DELLE MODIFICHE / CHANGE RECORD

EDIZIONE DATA AUTORIZZAZIONE OGGETTO DELLA MODIFICA E SEZIONt AFFETTE
ISSUE DATE CHANGE AUTHORITY | REASON FOR CHANGE AND AFFECTED SECTIONS
1 31/03/08 First Issue

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ] SPACE SpA. Tutti i diritli sono riservati.
All information contained irt this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.




' Doowe. AMSTCS-TN-CGS-011
GO Qapdn AM 802 - TCS Ediz.: Data: 31/03/08
v Issue: Dale:
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | pagina di
CARLO GAVAZZI SPACE SpA REPORT Eace of 200
LISTA DELLE PAGINE VALIDE / LIST OF VALID PAGES

PAGINA | EDIZIONE | PAGINA |EDIZIONE | PAGINA | EDIZIONE | PAGINA | EDIZIONE | PAGINA | EDIZIONE
PAGE ISSUE PAGE ISSUE PAGE ISSUE PAGE ISSUE PAGE ISSUE
1- 200 1

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservali.

All information contained in this document are property of CARLO GAVAZZ] SPACE SpA. All right reserved.




' N Doc  AMSTCS-TN-CGS-011
N AMSOZ - TCS Ediz.: Data:

v Issue: 1 Dale: 31/03/08
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZI SPACE SpA REPORT page 4 of 200
TABLE OF CONTENT

1o SCOPE e creeesscsseers s rss s bbb bA AR RA SRR S et et et 12
2. RELEVANT DOCUNMENT S ..ottt iitiiisiiiisimiesiniicienr s e s ssssssssasssssseseasssnssessnsesssnessnsssssnns ionassesassessosnsmnnen 13
2.1 APPLICABLE DOCUMENTS ... .ot rssie sttt bttt ee e eemee e e aanesneneant e seeeeanasteaassessan 13
2.2 REFERENCE DOCUMENTS ..ottt te et e e ras bbb e eeeee e e emreramneassannesensnereen 13
3. ACRONYMS AND ABBREVIATIONS ... rtnrnveneessnssessiarssaesssssnsssssesssssesesessssmmmes e sasmuons 14
4, TCS RADIATORS FLIGHT HARDWARE DESCRIPTION ......ccccoiiiriiiireceecresisneeressrsessnmnsrssesssanses 15
5. CRYO TCS ZENITH RADIATORS AND VSB FEM DESCRIPTION......ccccirtimineciieiinsssssessresrenererees 19
BT USED SOFTWARE ...t e ettt e bt e e ee e e s searas st santseeenameenssennssaernreessnns 19
5.2 WMODEL UNIT S oottt ee st ees e e et abe e s e b o et o2 1244 b2 et e eraaes sereaeantenseaneseneassenees 20
53 MODEL COORDINATE SYSTEM ..civcciierieetieectiee e e st se ettt eee e e e e searaensensssaenaneseesns 20
5.4 MODEL MATERIALS ... eeerearererrare e e ssresseae e st esaeesaeesssr e bssab s s sssasteemeeeme e sanreesaneaesans 22
541 F L0 I OO 22
54.2 ROHA CELL BTWWE .ottt et te e e et e et er b e b e e s steeanesersensressnassesassssesensrees 23
o T B 0 7 B 1 3 TR TOOUEUTORTI 24
BAA  TIBAL-Y ....ooooooeoveeeeeeeeeees st sesss s sttt et eeee s e en e et et ees s eres e 25
B.AS5  PEEK 1000 .....coooeeoeeeeceeeeeeeeoseesisseeesscesssss st sesss st e sssessssseesseeseeses e esserenesesssseesesseseeesseeesnes 26
546 ALBI0 ooooeocveeeeeeeeseseesesesesse s s s eessssees st ees st et es e et e es oo ee s ees e s 27
BAT  AISIBIBL ..oo.cveeoveeorreosieseresseesssssessss s ssessesssesssses e sssseesssessessereses et et eeeeeeeeeeseese s seneneres 28
548 CARBON FIBRE ... eeeceecrr v varrres e st e ssbe e s sssssss e ab s e s sanstosassehates e eneneeennmeeeesran 29
549 GLASS FIBER REINFORCED PLASTIC. ...t e seteresseenesaetaenaesassses s eeaens 30
5410 DUMMY MATERIAL FORBOLTED CONNECTIONS ... ... oottt e e s e 31
55 FEM MODEL COMPONENTS DESCRIPTION .. .ooii sttt asseressessnsaseanens 32
5.5.1 ZENITH RADEATOR ...t et e e ie e seta st et eee e e e s sresabesnssansseansessanesnaenssesannens 33
B.5.2  BPOKES ... e et b s bk s e e e eenreea et e anantre ettt eeaannnneeaes 34
553 LHP CONDENSER LINE ......ooo oottt st eaeesressenn e ann e eneans 35
554  LHP TRANSPORT LINE......cooiieiiicini ittt et san v rs s sttt 12t e e eeeeaes e raenensaeenen 36
.88 Z BRACKET S e et e e e e e e re s R et bt e e et s e e et e e e e enrrevees 37
5.5.6 ST R BRA K ET S ..o e eeer e s e e ve s r e s st b e e e es e s et e santenaases saaat s saaaaneeeeeres 38
557 GPS ANTENNA SUPPORT ..ottt et s st et st eres e erneases s anebensansaaeeen 39
55.8 BIMETALLIC SUPPORT BRACKETS ...t te e s eeeeen e eenvasensnnaeans 40
559 LHP TRD BRACKET S ...ttt eeeeeeevtes e vt eaeraant e ensasnt e asnntesaassaseresssanan 41
5510 VSB SUPPORT «....oorovteecveeeeeeeeaeseessassssessses s st sessssse e esesseeeseeseseesesssesoseessesesserenseessesesesseoes 42
D511 VBB BODY ... e e s s it e et ee e rrnrer et e et a et eeanntenaeartraes 43
B.5.42 VBB COVER ... et e ee e tae et b bt st 1 e e eeeeranae e eraeeenanarataenenensten 44
5513 LHP VSB STAND-OFF ...ttt e ettt bt e e e e e e ereeeeesreenaneaas 45
55.14 LHP VSB BRACKET ......cocieicieciercrarerae s iee s e s scsae s s taeestaesaee e e e sse s et s bs s teetssabaeemneseeameeesenanran 46
5515 LHPVSB3UPPERBKT .. ..ot sisssere b s st e e eas s e b s s e n e st s s s et ebe e e eeneee 47
56 MODEL BOUNDARY CONDITIONS ... .ottt ee it s e st e aerasatessssebeeassessseessaanes 48
57  MODEL MASS BUDGET ..ottt ittt et vvaervveeves vt eass st et s s ieneenessantesserabeenesaassnessaaaeanes 49
B8  IMODEL CHEGK ..ottt ittt s itrt ittt et ee et eeeeeeeeeeeenntaaes s st e eaesntenessantensernsbanasseassessasessaes 50
5.8.1 MODEL SIZE AND GEOMETRY ..ottt sttt s re st s st eee e eeen e asanesenesneseanaees 50
58.2 FREE-FREE AND HARDMOUNTED MODES ........ooiioiiiit it ssinesst st ae e s eeenn 51
B5.8.3 TG CHECK ..ottt e e s e st s s b b s oAb e s e 40 e £t aemee et e e ramnen st ananssmnnae s eennans 52
5.8.31 STRAIN ENERGY CHECK ...ttt eeee e s v e e vaannen s eeneas 54
5.8.3.2 THERMOELASTIC CHECK ....ocii ettt sttt e ee e e s e ee s e e saenes 55
6. CRYO TCS ZENITH RADIATORS AND VSB DIMENSIONING LOADS.......ooooeeeeeeeeereeeeee e 57
6.1 INERTIAL LOADS AND ACOUSTIC LOADS ...ttt v esesssbe st e er s s e s eme e eanne 57
B.2  EVALOADS ...ttt st e e e e r e ee s s re s r e e R b b LSk e e e aeeesnn e e st eerennnntaeenartranan 59

Questo documento conliene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZ! SPACE SpA. Ali right reserved.




" Boooe  AMSTCS-TN-CGS-011
CARLD ST AM S 02 - TCS Ediz.: 1 Data: 11/03/08
v Issue: Dats:
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZ SPACE SpA REPORT Page of 200
6.3  THERMOELASTIC LOADS .. ...ttt e eee e eeeveue s et s e e et 60
7. TCS RADIATORS DIMENSIONING RULES. ..........ooeeeeceiicisietctreresenceeeessessssrsnsssssssosesssesessess e eeeee 61
7.1 SAFETY FACTORS....... oottt ettt ettt ee e e e ev e ee s e e e et s e st 61
7.2 MARGINS OF SAFETY FOR STRUCTURE ......coovcueeeeiee oo e e eeee e oo 62
7.3 FAILURE INDEX FOR COMPOSITE STRUCTURE ........oooroeteee oo et eeee oo 62
8. CRYO-TCS STRUCTURAL ANALYSIS FOR NOMINAL CONFIGURATION «..o.veeeeeeeeee e 64
8.1 DYNAMIC ANALYSIS FOR NOMINAL CONFIGURATION .....oouoeeeeeeereeeeeeeoeeeeeeeoo 64
8.2 STATIC ANALYSIS FOR NOMINAL CONFIGURATION ......eooee ot 74
8.2.1 DISPLACEMENT ANALYSIS FOR NOMINAL CONFIGURATION ..o oo 74
822 STRESS ANALYSIS FOR NOMINAL CONFIGURATION ..o 74
8.2.2.1 STIFF BRACKETS .ottt ettt ee e e e e e ettt eeee e 76
8222 GPS ANTENNA SUPPORT ...ttt et e en e e 77
8.2.23 ZENITH RADIATOR PANEL (SKIN).....oouitiecieeeeieeetee et 78
8.2.2.4 ZENITH RADIATOR PANEL (CORE).....uiuiitiiccteeceeer oo eeeeeeee oo es oo 79
8225 LHP CONDENSER LINE ....... .ottt e e ev e st s et eeeese e a0
8.22.51 LHP CONDENSER LINE NON LINEAR ANALYSIS RESULTS oo 81
8.2.2.6 SPOKES. ..ttt bttt et et et e et e e s e e e et e s e et 85
8.2.27 BIMETALLIC SUPPORT BRACKETS ..o eeeeee e e e 86
8.2.2.8 LHP TRANSPORT LINE ...ttt et s ev et e e s a7
8229 LHP TRD BRACKETS ...ttt ee v et a s eee e ee e em e 89
8.2.210  VSB SUPPORT ...ttt st et e e e e e e e e e s et eseeeeeee e e 90
82211  LHP VSB BRACKET ..ottt v et e b e e s e 9
8.2.212  LHP VSB STAND-OFF ...ttt ee et e a et et 93
8.2213 LHP VSB3UPPER BRACKET .........o ittt se et e e e esee e et eeee 94
8.2.2.14  Z-BRACKET ...ttt rteit ettt s et e st eeeee e e e et e e ee et ee e e seeesesn 95
B.2.2.15 VBB COVER ..ottt st ee e e s et e e et e e e e et et et 96
B.2.2.16 VOB BODY .ottt et e et e et a e et e et e ettt 97
8.2.2.17 STRESS ANALYSIS MOS SUMMARY FOR NOMINAL CONFIGURATION we.neooe 08
823  JOINT ANALYSIS FOR NOMINAL CONFIGURATION ......ecoeeeeeeeees oo 100
8.2.3.1 JOINT 1: Z-BRACKET (NOMINAL CONF.) w.uiiiiiieeereereeeee e e e 103
8.2.3.2 JOINT 2: STIFF BRACKET (NOMINAL CONF ). ....ovvreeeeeeeeee e e eeeeeee oo 108
8.2.3.3 JOINT 3: SPOKES (NOMINAL CONF ) ....c. ettt et 114
8.234 JOINT 4: GPS ANTENNA SUPPORT/TRD (NOMINAL CONF )i, 118
8.2.3.5 JOINT 5: GPS ANTENNA/GPS ANTENNA SUPPORT (NOMINAL CONF.) ... 122
8.2.36 JOINT 6: VSB - VACUUM CASE JOINT (NOMINAL CONFL) e, 125
8.2.3.7 JOINT 7: VSB BODY / LHP VSB BKT (NOMINAL CONF.) oo, 128
B8.2.3.8 JOINT 8: vSB SUPPORTS/ LHP VSB STAND-OFF JOINT (NOMINAL CONF))......... 13
8.2.3.9 JOINT 9: VSB BODY/VSB COVER (NOMINAL CONF.) ...covveuieesveeeereeeeeseererem s 134
8.2.3.10  JOINT 10: BIMETALLIC SUPPORT BKT/RADIATOR (NOMINAL CONF.) .oovivvinn. 137
8.2.3.11  JOINT 11 VSB SUPPORTS/VSB BODY (NOMINAL CONF.) ...occ.oecemeeeeeeeeeen 140
8.2.3.12 JOINT ANALYSIS MOS SUMMARY FOR NOMINAL CONFIGURATION oo 143
B.2.4 LOCAL BUCKLING ANALYSIS FOR NOMINAL CONFIGURATION oo 144
8.2.4.1 SPOKES...... et ettt et a ettt et s e e e e eeeee et a e et e nes et et e e eeees e 145
8.2.4.2 INSTABILITY ANALYSIS MOS SUMMARY FOR NOMINAL CONFIGURATION ......... 145
8.2.5 INSERTS AND BONDED JOINT VERIFICATION FOR NOMINAL CONFIGURATION........ 146
8.2.5.1 ZENITH RADIATOR PANEL INSERTS ...vv et ee et eeeee oo 146
8.252 BONDED JUNCTION VERIFICATION ..ottt oottt 148
8.2.5.21 CONDENSER LINE RADIATOR PANEL VERIFICATION.....oovooeeooeeoeeeo 149
8.25.22 ZENITH RADIATOR CONDENSER LINE-PANEL SKIN VERIFICATION .oovoooo. 150
8.25.2.3 Spokes GFRP bar — Titanium ends verification ..............oooveeeoe oo 151
8.253 INSERTS AND BONDED JOINT MOS SUMMARY FOR NOMINAL CONFIGURATION
152
8.26 BIMETALLIC JOINT VERIFICATION ...ttt e eeeees oo 152
8.2.6.1 BIMETALLIC JOINT MOS SUMMARY FOR NOMINAL CONFIGURATION.....onooo 155

Questo documento conliene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information conlained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




' Noens  AMSTCS-TN-CGS-011
cAMLO Qa2 AM 802 - TCS Ediz: 4 Data: 44103108
v Issus: Date:
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZI SPACE SpA REPORT Page © of 200

9. CRYO TCS SYSTEM AND VSB STRUCTURAL ANALYSIS FOR FAIL SAFE CONFIGURATION

156
8.1  DYNAMIC ANALYSIS FOR FAIL SAFE CONFIGURATION......ccccovrvmrirntices e 157
9.2 STATIC ANALYSIS FOR FAIL SAFE CONFIGURATION ......cccooiiirriirereseies e sveas 160
9.21  STRESS ANALYSIS FOR FAIL SAFE CONFIGURATION JOINT 1A ..o 160
9.211 Z- BRACKET ..ottt e s s st sttt en et ertaneessennen 160
9.21.2  ZENITH RADIATOR PANEL (SKIN)....c.oociiiiinirrrceneereie ettt 162
9.21.3  ZENITH RADIATOR PANEL (CORE).....cccovivtiiiiniiciciie st se et 163
822  STRESS ANALYSIS FOR FAIL SAFE CONFIGURATION JOINT 1B.....cooeviiiierie e 164
9221 Z-BRACKET ..ottt et e es st se s e e er s bbbt an e s esa e ensbansarben e 164
9222  ZENITH RADIATOR PANEL (SKIN).......ccoviriiiieniiniesteisse s sectnsess e er e sessesns 165
9.223  ZENITH RADIATOR PANEL (CORE)......cccccoivciiminiienteensessesesissessse e eeeene e esns 166
9.23 STRESS ANALYSIS FOR FAIL SAFE CONFIGURATION JOINT 6 ..o, 166
8.2.31 VEB SUPPORT ..ottt et b s e e sn b s eae bbb 166
8232 VBB COVER ..ottt et sb e e s eaaae et s as s e sresa saens 168
9.2.3.3 VBB BODY ..ottt e et ettt b et ra e et s 169
9.2.34  STRESS ANALYSIS MOS SUMMARY FOR FAIL SAFE CONFIGURATION............... 170
9.2.4  JOINT ANALYSIS FOR FAIL SAFE CONFIGURATION ......cooveieiieeieirerieiecriiec e 171
9.2.4.1 JOINT 1: Z-BRACKET (FAIL SAFE CONF }....ciioiiiierrrrn e e 172
9.242  JOINT 2: STIFF BRACKET (FAIL SAFE CONF.) ..ot 174
9.243  JOINT 3: SPOKES (FAIL SAFE CONF.) ...c.ooconiiiiriiiniccnne ettt 176
9244  JOINT 4: GPS ANTENNA SUPPORT/TRD (FAIL SAFE CONF.)......ccoouvvmimrecerirrenne. 178
8.24.5  JOINT 5: GPS ANTENNA/GPS ANTENNA SUPPORT (FAIL SAFE CONF.)............... 179
9.246  JOINT 6: VSB - VACUUM CASE (FAIL SAFE CONF.) ...ccoviririreieeeteecre e 180
9.24.7  JOINT 7: VSB BODY / LHP VSB BKT (FAIL SAFE CONF.).........coooviiiririicoeecenn 181
9.24.8  JOINT 8: VSB SUPPORTS/ LHP VSB STAND-OFF (FAIL SAFE CONF.).......c.......... 182
9.249  JOINT 9: VSB BODY/VSB COVER (FAIL SAFE CONF.).....covviiiiiiececeeece 183
8.24.10 JOINT 10: JOINT 10: BIMETALLIC SUPPORT BKT/RADIATOR (FAIL SAFE CONF.)184
9.2411 JOINT 11: VSB SUPPORTS/VSB BODY (FAIL SAFE CONF.)......cocooveereerrcerirrerene 185
9.24.12 JOINT ANALYSIS MOS SUMMARY FOR FAIL SAFE CONFIGURATION................... 186
925 INSERTS VERIFICATION FOR FAIL SAFE CONFIGURATION ......cccocevrevrcrirereereennenn. 187
9.2.5.1 INSERTS MOS SUMMARY FOR FAIL SAFE CONFIGURATION ...........ccocvvervvrirannnn. 187
10. CONCLUSIONS AND COMMENTS ...ttt s sere s srearavssastssssssassenssnsnestssssonsensonsnas 188
(IRINT 2 U emmrrerrrrerrrorerenerrrr oo eonoo0o00e0ne0C IO PO D DO R T TP OOCONCE Y T I TF O e 189
ANNEX 2. e e a bbb a s bR RSt S E SR A R AR R e e e e n e pe s b A e e n e Rnanaras 198

Queslo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




N° Dac:
Docne AMSTCS-TN-CGS-011

CAPDI ML AMSOZ - TCS Ediz.:

Data:
v Issue: 1 Date: 31/03/08
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZI SFACE SpA REPORT Page | of 200

LIST OF TABLES

Table 4-1: Verified iems — 1 0F 2 ...t et e e s e e e e e e et oo oo 17
Table 4-2: Verified IBMS — 2 0 2.ttt et e et ee e e e s s e e s et st e e e e eese e 18
Table 4-3: Strength and buckling verification eXplanation...............ocoieeeeeeeeeeeeeeees e ee e 18
Table 5-1: AL 2024 T81 PrOPEIHES .....ccoi ittt eee e e e ee et ee e e s ee e et e e ee st 22
Table 5-2: AL 2024 T81 N FE MOURI ........oireeeeeee ettt et e e ee e 22
Table 5-3: ROHACELL PropertiES.......ccvieiieiiee ettt et sae st et eeeereseesae e e et e e et oo os s ees e eee s 23
Table 5-4: ROHACELL iN FE MOGE| ....coviiiiiiiiiicee et sttt e e e n et e et 23
Table 5-5: AL 7075 T7351 PrOPEMHES ..cvecveeieeeetieeei et ese et e eeseeere e e et eeeae s s s e e st ese s e es et 24
Table 5-6: Al 7075 T7351 in FE MOGEI ...ccouiieeeeeeiceeiiee et et s e e 24
Table 5-7: Ti-BAL-4V PrOPEItI@S .....c.ciicciivii ittt ea et e et et et e enes e e e s e e e et ees et s se s e e 25
Table 5-8: Ti-BAL-4V iN FE MOUEL.......c.oc ettt ee e e e e s et e ee oo et et es e 25
Table 5-9: Peek 1000 ProPeItIES.....c.ccoeii e sttt et e e e e et st s eneee e ses et oo e e e e e e sns 26
Table 5-10: Peek 1000 in FE MOGEI.......ccooiiiiiieieiceee e sttt e v e et es et et s et eeeean 26
Table 5-11: Al 3103 PrOPMHIES .evveiiiet ettt ettt e et eemeeeea st et esteeen smessee s st e e ems e ere et e et 27
Table 5-12: Al 3103 0N FE MOGEL......cooieiieiceeei ettt eeeeeev e st ate e s e s e et ee oo 27
Table 5-13: AlSI 3TBL PrOPErHES ... ..ottt st ee e ee et eseee e e e e ee et et eee e et e 28
Table 5-14: AISI 316L iN FE MO .....cooiiiie ettt e e oot e es e 28
Table 5-15: CFRP Plain Wave PrOPEILIES ............c.iceiceierenreireiee e eeeeeseetsereseesees s e sses et s e s e e e ees s 29
Table 5-16: CFRP N FE MOGEL ..ot et s v et e e seassseeaen e et seste e e e een 29
Table 5-17: VSB body and COVET PIY IAYUD .....c..oiriitie et s e et e e et 29
Table 5-18: GFRP plain Wave DIOPEMHES .......co.vcc.iiii et e et ee et et e e et e e e eees s ee e e ees e 30
Table 5-19: GFRP pultruded DroOPEIHES ..coccveiiieci e eeeee e e e e et e e et e et 30
Table 5-20: GFRP N FE MOMEL.........ooiioieeieeeeeei i e e e ettt st ee e s s e e e et 31
Table 5-21: VSB body and cover ply diSPOSIION...........iviiioeecee e e ee et ee e e ee e e 31
Table 5-22: Cryo Tcs MOdel SUMIMAIY ..o et e en et s e s e st es st e e s st 32
Table 5-23: CRYO-TCS and VSB FEM Mass Budget............ooooiiiiiiceece e eee e 49
Table 5-24: FEM GEOMEINY CHBCK ....c.coci it ettt e e e e e s e seesae st et et 50
Table 5-25: FEM mass properties, free-free modes, hardmounted modes........o.eeeeeeeeeeeeeeeeeooeoeoeeeoe 51
Table 5-26: FEM 1G CRECK ..ottt ettt et st e s ee e e et e s st e e eeeee e 52
Table 5-27: FEM Strain ENergy ChECK ..ot st e e ee e e e e e oo eee s 54
Table 5-28:=Thermal @NalYSis CRECK .........cociuiiiiecceee ettt et e e et e et e eereee oo 55
Table 6-1: Design Limit Load Factors for small secondarny StrUCIUFES .........ccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeon 57
Table 6-2: Inertial and Acoustic loads for CRYO TCS Zenith Radiator and VSB ...........oovoeeeeeeeoeo 58
Table 6-3: EVA Loads for Zenith RAAIBION ...........c..coiiiiiiiiiiiiice e ee ettt 59
Table 6-4: Thermo @lastiC 1080 CASE ...ttt s et a s e ee et e e 60
Table 7-1: Safety FACors for SITUCIUIE ..........ooceivicc et 61
Table 8-1: CRYO-TCS natural frequencies above 5% of effeCtive Mass ...vvveeee oo 64
Table 8-2: AI3103 — O in FE model for the non-linear analysis..............c.ccoooomieeeeeoeer e oo a2
Table 8-3: flange GIMIBNSION.........coi ettt ebe et e ee et et e e eeeesee s s et e e e st e e e eesa 92
Table Ba: B IACON ... .o e ettt ee et e et e et e e 92
Table 8-5: Parts MOS sumMmany {1 0F 2) ..ot ettt et et ss et 98
Table 8-6: Parts MOS SUMMEANY {2 0F 2)....ccuiiiiitiiiiii e eee e eeeaeeaeeue e eee e et e e et eee oo a9
Table 8-7: Verified joint for nominal ConfigUIAtIoN.............cooio oo 100
Table 8-8: MoS definition for DO @N@IYSIS «..........oivi ittt 102
Table 8-9: JOINT 1a — nominal CONfIGUIATION ........cviveriiiiiee e see e e e e ee et et e et 105
Table 8-10: JOINT 1b — nominal confIQUIAtIoN .............oviiiiiiie et e 107
Table 8-11: JOINT 28 — nominal ConfIQUIAtIoN ...........ceiviiiieiiieeee e eer e esee s s ee e s st 110
Table 8-12: JOINT 2b — tollerance for SHAING ..ot rs e s st s, 111
Table 8-13: JOINT 2b — nominal CONfIGUIALION ..........cvieiieieee et ee e e e 113
Table 8-14: JOINT 3a — nominal CoNfIGUIAtIon .............cuieiriiiiiei et e e eeeeeeeoeeeee 116
Table 8-15: JOINT 3b — nominal ConfIQUIHION ............ocvnirriiet e e et 117
Table 8-16: JOINT 4 — nominal CONfIGUIAtION .............cvoieiriiieticec et ere e e et ee e 121

Table 8-17: JOINT 5 — nominal configuration

Questo documento contiene informaziont di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritli sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




' N Joc  AMSTCS-TN-CGS-011
i AMS02 - TCS Poz 4 DalE 3q/03008
v Issue; Date:
CRYQ TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZ) SPACE SpA REPORT Pags O or 200
Table 8-18: JOINT 6 — nominal CONFIGUIALION .......civiiceeciececcer s e seesss s ere e s eseassanssrasssseseeessesesnens 127
Table 8-19: JOINT 7 — nominal configuration ...ttt st enens 130
Table 8-20: JOINT 8 — nominal CONfIGUIALION .........oooiiiii ittt e e eevenes e reteeeeseaeseeaeenean 133
Table 8-21: JOINT 9 — nominal CONfIGUIALION ......ccviiiie ettt aesereve e se e e esaaeesees 136
Table 8-22; JOINT 10 — nominal CONfIQUIAtION .........vccvreieieieeei ettt e e s ae e 139
Table 8-23: JOINT 11 = nominal CONfIQUIAtIoN .........cccccciiiriiiiii s see e e e sas e s e s eiame e e eneee s 142
Table 8-24; Joint analysis MoS summary in nominal configuration...............covvvvieeciri e 143
Table 8-25 Spoke buckling analysis TeSUIS .......cooc ittt e eeee s v e e e ssanmeesasane e e esraaes 145
Table 8-26: MOS summary table for [0cal BUCKIING = SPOKES ......ovvicviieei ittt ee e s et e e e e 145
Table 8-27 Maximum forces acting on the Zenith radiator INSEMtS........ccoeveeecccr v 146
Table 8-28 Zenith Radiator Insert verification SUMMANY .............ccccvirvceiici e e eaee e s 147
Table 8-29: MOS summary table for condenser line — radiator skin bonded connection ..........cccocevvnn.... 149
Table 8-30: MOS summary table for radiator skin — Rohacell core connection...........cccoeeeeeeveevveernioinnnns 150
Table 8-31: MOS summary table for inserts and bonded jJunction.........ccooeieeiivee e, 152
Table 8-32;: MOS summary table for bimetallic JOINt .............ccooiieie ettt e s e e rserese e 154
Table 8-33: MOS summary table for bimetallic JOINt ............cccooiii it eev v e vree e 155
Table 9-1: Nominal vs Fail Safe Joint 1A, modal analySis ...t et reee s 157
Table 9-2; Nominal vs Fail Safe Joint 1B, modal @nalysis .............ccocooivvirieeeeeeeiee e st et 158
Table 9-3: Nominal vs Fail Safe Joint 8, modal @nalysis........coocueieeri et sreeserene e 159
Tabie 9-4: MoS summary for fail safe Configuration ..............oocii e s e e eees 170
Table 9-5: Verified joint for nominal configuration..............ocoiviiiii ittt s 171
Table 9-6: JOINT 1a — fail safe CONfIGUIALION ........oeiiieeeeee ettt esreeeesnesseeenaaneas 172
Table 9-7: JOINT 1b — fail safe configuration ...t e v e v s r e rae s 173
Table 9-8: JOINT 2a ~ fail safe configuration ..ot et s e e et e e s eeeeeaan 174
Table 9-9: JOINT 2b — fail safe CONfIGUIALION ......coiiiiii et st s s e e e e e e sssnassenas sens 175
Table 9-10: JOINT 3a — fail safe CONfiQUration ...ttt rr e s reaeraees 176
Table 9-11: JOINT 3b - fail safe configuration ...t ene s 177
Table 9-12: JOINT 4 — fail safe CONFIQUIALION ......cc.oiiiieeccc ettt e e v e e esseeseae s ren e s e 178
Table 9-13: JOINT 5 —fail safe CoNfiQUration ......civicciviiiiie e st et e s s e e ss e e e e s naeaaas 179
Table 9-14: JOINT 6 — fail safe CoNfIQUIation .......c.vioiiiiii ettt et e e s e e eesreeeeesnaeaan 180
Table 9-15; JOINT 7 — fail safe configuration ............cccoieiiiiii ettt eae e nr e 181
Table 9-16: JOINT 8 = fail safe configuration ... e ettt e eeee e e es 182
Table 9-17: JOINT 9 — fail safe CONfIGUIALION ...........ooiiee et es st se s s erse s senesssnessesanses 183
Table 9-18; JOINT 10 —fail safe CONfIGUIALION .........oioieieeee et st st st e eeee s senessareerenenes 184
Table 9-19: JOINT 11 —fail safe configuration ...ttt e s eee e eraeeeans 185
Table 9-20: Joint analysis MoS summary in fail safe configuration ..o 186
Table 9-21 Maximum forces acting on the Zenith radiator Inserts for Fail Safe configuration.................... 187
Table 9-22 Zenith Radiator Inserf verification SUMMANY ... it e sea e s s 187
Table 9-23: MOS summary table for inserts for Fail Safe configuration ..., 187

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




N° Doc:
Do No. AMSTCS-TN-CGS-011

=) e AMSOZ - TCS Ediz.:

Dala:
' jssue: | Date. 31103108
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina g
CARLO GAVAZZI SPACE SpA REPORT e 9 gl 200

LIST OF FIGURES

Figure 4-1: General VIEw Of AMS-02... ..ottt ee e eeeer e e et s e er e e e e e eessee et e eeeeeeees 15
Figure 4-2: CRYO TCS system and VSB view positioned on the vacuum Gase...........cocoeeeveeeevoveveererin 16
Figure 5-1: General view of the CRYO TCS Zenith Radiators and VSB FE model .....coooeeeveveereeeeeveein 19
Figure 5-2: AMS-02 COOTdINGLE SYSIEM .....ccoviiiiiie it ettt et e e e e e e es e s enesas st e e 20
Figure 5-3: CRYQO TCS Zenith Radiators and VSB dimensions wrt AMS coordinate system ..................... 21
Figure 5-4: Zenith RAAIAtON ..o ettt r s e e se e s s s s es e e eas 33
FIGUPE 5-5: SPOKE.....coueiiiiiiiete ettt st e e et eee e e e s eeees e asesseseeessseee e e s s et st s sses e e 34
Figure 5-6: SPoKes @SSEMDIY.........oooiiiiii e e et e e s e ee e 34
Figure 5-7: LHP CONGENSEI LINE ..ottt ettt e e st e e eeee e s oen 35
Figure 5-8: LHP Transport LINES .....co. oot s e e ere et se e e ee e e sneseenesesen e st st e st et essen s 36
Figure 5-9: Z-BraCKets ...ttt aa s e st n e s a e e e et e ne e e eta st eeee s ene s e en e s esean s 7
Figure 5-10: SHf Brackets .........ccco ittt r s ere e e et es et seeee e e sesae e 38
Figure 5-11: GPs ANTEIMEA SUPPOT .....coviiiiiiit et ee s s e ea st esee e e s s e st st et e oo e e oo 39
Figure 5-12: Bimetallic SUPPOTt BraCKEIS ... ... vttt e steeeseeeeesee e s e s st e oo 40
Figure 5-13: LHP TRD BracKets .........ccciiiiciiiiiiererieits ettt s sttt e te et e e e e neans 41
FIgUre 5-14: WSB SUPPOTE ... ettt et ettt e e e s e e sa e et e s restesee st e oo 42
Figure 5-15: VEB DOGY .....cooviiiiiii ettt bt v e vt e eeensase et asesees e 43
FIgure 5-16: VEB COVET ... ..cuiciiiiiiiic ettt s ras st ae st b e oot e e sensee s eees s anasantsaseseess 44
Figure 5-17: LHP VEB StaNd-0ff...........cooiiiiieeeee ettt s r e s e e e e st s 45
Figure 5-18: LHP VSB Bracket . .........oo ittt ettt et es et ee e e e e servan e et etse s sesesesens 46
Figure 5-19: LHP VSB3 UPPEF Bracket..........cceueoieeeeiiticit ettt eas et e oo eeen e e 47
Figure 5-20: Model boundary conditions for CRYO TCS .......ocuiiiiiiee ettt e e e 48
Figure 5-21: 1G check analysis run TeSUIES ...t e et e e eme et sate st s e oes e ees e 53
Figure 5§-22: Thermal check analysis run results, VOn MiSES SIreSS..........oooocomvoeeeeee oo 56
Figure 5-23: Thermal check analysis run results, Maximum Combined Stress ............oooeeoveeeecvrieevennn, 56
Figure 6-1: EVA Load Cases on Zenith RaAdIGtor..........c.ccocovviriiieee et ee e en e 59
Figure 6-2: Temperature distribution on LHP transport lines during the AMS power off ..........cccovvvvvenn... 60
Figure B-1:mode B @t BO.40 Hz ..........c.ouiiiniccreete ettt e r et nt s ee e et es s e s e e 65
Figure 8-2: Mode 21 @LB8.57 HzZ ......c.ooi et v st v e b e e e e ses 65
Figure 8-3: mode 115 At 136.54 HZ ..ottt st eeeet e en s aresesenn 66
Figure 8-4: mode 116 @t 136.54 Hz ...ttt et eee e e e s s e e snn 66
Figure 8-5: mode 117 @t 136.60 Hz ......c.ccoiiire ettt eee et s et e eeee s ee s e sanes 67
Figure 8-6: mode 118 at 136.62 HZ ......c.oieii ettt s et ee v s eeaen 67
Figure 8-7: mode 122 al 138,58 Hz ...t et st see e e e e e s e e s oo ene s 68
Figure 8-8: Mode 123 @t 138.58 HZ ......c.coiiiiiiic ettt et ee et sttt sreeeans 68
Figure 8-9: mode 124 @t 138.83 HzZ ...ttt ettt te s e s e ee s s ene s e sse e 69
Figure 8-10: mode 125 @E 138.86 Hz ..ot se e rer s 69
Figure 8-11: mode 142 @t 155.35 HZ ...t ee e s 70
Figure 8-12: mode 145 @t 155.98 HZ ......c.ooiiiiccr ettt et et e e s e s e e s e s s ans 70
Figure 8-13: mode 148 @ 155.98 HzZ ..ottt e r e s e et e e s 71
Figure 8-14: mode 147 @t 156.32 Hz .......ooro ettt ee e r e ss e s 71
Figure 8-15: mode 192 @t 195.57 Hz ... ettt ese e et e 72
Figure 8-16: mode 193 at 195.57 HZ ...ttt et sttt e sr s 72
Figure 8-17: mode 194 @t 195.88 HzZ ...ttt sttt e es e et ene e 73
Figure 8-18: mode 195 Al 195.94 HZ ..ottt sttt e er e 73
Figure 8-19: Deformation — Load €aS€ 10 ...........ccoiiiiieniine ettt e eeeersvanas 74
Figure 8-20: Stiff Bracket, Load Case 29, LAYEE Z2..... ..o eeeeeeeeeeeeeeee e et eeeeeee 76
Figure 8-21: Gps Antenna Support, Load Case 29, LAYEI Z1......ocvoei i eese s se e e et esee e 77
Figure 8-22: Zenith Radiator Panel (skin), Load Case 29, Layer Z2.........coeeeoeeeeeeeereeereeeessees oo, 78
Figure 8-23: Zenith Radiator Panel {core), Load Case 25 ........cccovveerrveeeeeereeeeeeeeeeeee e e e oo 79
Figure 8-24: LHP Condenser Line, Load Case 29.............c.coiioeieiisee ettt et eer e sesnessee s snans 80
Figure 8-25 AI3103 behavior wrt the different hardness ........cc...coovveeeieiiieieece et 81
Figure 8-26 Detailed condenser line shell model used to perform the non linear analysis.............ccooo......... 82

Queste documento conliene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
Afl information contained in this document are property of CARLO GAVAZZ| SPACE SpA. Al right reserved.




- N°Doc  AMSTCS-TN-CGS-011
(O AY | CAMSICEZS AM 302 - TCS Ediz.: 1 Dala: 31/03/08
v issue: Date:
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZI SPACE SpA REPORT Page 10 of 200

Figure 8-27 Non linear load case entity. On left the enforced displacement, at center the internal pressure

load and on right the temMperature [0aa ... ..o e e e erae e e seeasies 83
Figure 8-28: LHP Condenser Line, loaded non-linear SOIUtON .........c..ocoeveeirnniiine et e 83
Figure 8-29: LHP Condenser Line, residual Siress 0N PIPE ...couvvceiiireeeniireiere ittt es e e esessae e e snnens 84
Figure 8-30: LHP Condenser Line, residual deformation..........c.ccccvivr v 84
Figure 8-31; Spokes, Load Cas@ 20 ..ottt s st sssne s s seaesaes seeesseessanessanssansemmeeaeeenssens 85
Figure 8-32: Bimetallic Support Bracket, Load Case 29, Layer Z1 ... ereee e 86
Figure 8-33: LHP Transport Ling, Load Cas@ 29 ...ttt et snvens e smee s e eene s 87
Figure 8-34: LHP Transport Line maximum displacemeEnt ...........cooovevieeie et se s e esee e s see e 88
Figure 8-35: LHP TRD Brackets, Load Case 29, Layer Z2Z.........cccoueriierenimiiee e s vereiieie e essneesensens 89
Figure 8-36: VSB Support, Load Case 10, Layer Z1.......c.c.oo e e s st erns 90
Figure 8-37: LHP VSB Bracket, Load Case 29, LaYer 1 .. ... ssrs v s sst st ste st e e 91
Figure 8-38: LHP VSB Brackel @NalYSIS .........cccoiiiiiiiiiiienietiisieie et et e s ses st e s sn s nesasanaan 92
Figure 8-39: LHP VSB Stand-Off, Load Case 29, Layer Z2..........cccccoviieeneieiniieiceessseese s e 93
Figure 8-40: LHP VSB3 Upper Bracket, Load Case 29, LaVer Z1 ... iitiee e eereeesese s vseee s saeaan 94
Figure 8-41: Z-Brackel, LOAT CaSe ... et iesiart e te st st e e s sesessessananesaessmeeeeeaeveerasstasaeses 95
Figure 8-42: VSB Cover, Load Case 11 . ...t ese bbb s 96
Figure 8-43: VSB Body, LOad Cas@ 29 ...t b et et ee s 97
Figure 8-44; Joint 12 on Zenith RAIAION. ..o ettt e s e st e sr s saraans 103
Figure 8-45: Forces on JOINT 1a Max Axial — Load case 08..........cccovecevivieiieinececceee it naee e 104
Figure 8-46: Forces on JOINT 1a — Max Shear and combined — Load case 29 ............cccoovvvvvvivrer e 104
Figure 8-47: Forces on JOINT 1b — Max Axial and combined — Load case 14 .........cc.cccccoereviennesinenen, 106
Figure 8-48: Forces on JOINT 1b —Max Shear — Load 6ase 01 .......ccccovievevcieecrereinee e 106
Figure 8-49: Joint 28 and JOIME 2D.........ociiee et rs e e s b r st es e e ee e neaes 108
Figure 8-50: Forces on JOINT 2a — Max Axial — Load case 25..............ocivvevrvsemieminnsiesrssneressss s sae s 109
Figure 8-51: Forces on JOINT 2a- Max Shear and combined — Load case 03 ...........ccoevveeeevevererenen. 109
Figure 8-52: Forces on JOINT 2b — Max Axial — Load €ase 13.....ccccccoeieineceiieciieecce e 112
Figure 8-53: Forces on JOINT 2b— Max Shear and combined — Load case 10 .....cccceooeecvvieeveeees e, 112
Figure 8-54: Joint 32 and JOINE 3D ..ottt e et e et e nr e e 114
Figure 8-55: Forces on JOINT 3a — Max Axial and combined — Load case 27 ........cceeeceeceecvirnienvinecnnn, 115
Figure 8-56: Forces on JOINT 3a— Max Shear— Load Case 29..........ccccveiiiieieieecec it 115
FIgure B-57: JOIMNE 4 ......oieiiic e s bbbt rme s e e br Rt te e e seeenrs 118
Figure 8-58: Forces on JOINT 4 — Max Axial and combined — Load case 14 ........ccooeeeeicvieeveeeveneeeie . 119
Figure B-59: Forces on JOINT 4 — Max Shear — Load ¢ase 02 ... 119
Figure 8-60: Forces on JOINT 4 — Max Combined — Load case 04 ..........cccooei e e 120
Figure 8-81: JOINT B ..o e e e e s bt n b e raa e e resreeres 122
Figure 8-62: Forces on JOINT 5 — Max Axial and combined — Load case 08 ...........cccccoceevevvvivi i 123
Figure 8-63: Forces on JOINT 5 — Max Shear — Load €ase 09 .........ccococvvvervneenieseiicc v 123
Figure 8-64: JOINt B ....ociiiiiiiiieiece et s e s st e s bt erre s er e e g et e Rt s eme e sneeneeaneeneanees 125
Figure 8-65: Forces on JOINT 6 — Max Axial — Load case 01 ... ininccrer s 126
Figure 8-66: Forces on JOINT 6 — Max Shear and combined — Load case 04 ...........cccocovovieiiiiiceeannnn. 126
FIgure 8-87: JOINE 7 ..o et ettt et e e e e v et s e e e s e st e e st e enbe st s ntesatestessraeeens 128
Figure 8-68: Forces on JOINT 7 — Max Axial, Max Shear and combined — Load case 29.............cooeveeee. 129
FIgure B-B9: JOIME 8 ..o stk et e e e ra b et s sbe e san e 131
Figure 8-70: Forces on JOINT 8 — Max Axial and combined — Load case 03 .......c..cccccoovvvrvvicic e, 131
Figure 8-71: Forces on JOINT 8 — Max Shear— Load case 01 .........cccoeervineinnnnccinice e 132
Figure 8-T2: JOINE G ..o e e et e 134
Figure 8-73: Forces on JOINT 9 — Max Axial — Load CaS8 07 ...t st 135
Figure 8-74: Forces on JOINT 9 = Max Shear and combined — Load case 02 ..........ccccceviieviee e, 135
FIQUIE 8-75: JOINE 10 .ottt oo et e e e e e e e e e e e raa et b e b b e e seeasae st sennsssneseseteeeeeenerrrenns 137
Figure 8-76: Joint 10 NUMEration PAIEITI......c..cvci et s e rrar et e sasse et be s emesaeesns st asbeaeeenrenes 137
Figure 8-77: Forces on JOINT 10 — Max Axial — Load €aS€ 27 ........ccooirireecivrerrn st sts e 138
Figure 8-78: Forces on JOINT 10 — Max Shear and combined —Load case 29 ............cccooovveeevveevveernene 138
FIgure 8-79: JOINE 11 oot e re et b b e ba st et e et e rmraesbesrasae s bane st sonesanas 140
Figure 8-80: Forces on JOINT 11 — Max Axial = Load €ase 05...........cccveeviiiniiiccrece st 140
Figure 8-81: Forces on JOINT 11 — Max Shear and combined — Load case 04 ...........ccovcerevivveencvennen, 141

Questo documenio contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tuttii diritti sono riservati.
Alf information conlained in this document are property of CARLQO GAVAZZI SPACE SpA. All right reserved,




' Boohe.  AMSTCS-TN-CGS-011
CARLO ]Gl AMSOZ = TCS Ediz.: Data:

v jssug: | Date: 31/03/08
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | pagina dl
CARLO GAVAZZI SPACE SpA REPORT Page 11 o 200
Figure 8-82: Eulerian BUCKIING GEOMEITY ....c...ciuieiiiiiiitieiete et e e et 144
Figure 8-83: On top the tested insert drawing, on bottom a zenith radiator insert ................ooovvveveeveviin. 147
Figure 8-84: Force Application Area for the Condenser LiN@..........cooeveveeeeeeeeeeeeeeeeeseeeee e 149
Figure 8-85: Force Application Area for the Radiator SKil.........ooeee e eeeveeer e oo e e ees e eeeeeeeeeeeees oo 150
Figure 8-86: Spokes GFRP bar-Titanium ends connection GeomMetry ...........cccoveveeeeecereereeeee oo, 151
Figure 8-87: BiMEtallic JOINt.........c.cciiiieirreeeet et et er e st eee s e s e e et er et e e 152
Figure 8-88: Bimetallic joint axial worst case for LC 28 ............cooiivieoceeree e 153
Figure 8-88: Bimetallic joint shear worst €ase for LC 29..........o.oocooviiiiiiiie e e s e ee e 154
Figure 9-1: modal comparison Nominal / Fail Safe JOINt 1A ...........occeeeeeeereere oo 157
Figure 9-2: modal comparison Nominal / Fail Safe JOINt 1B.........o.ooiieeeeeeee oo s e 158
Figure 9-3: modal comparison Nominal / Fail Safe JOINE B .........o.oooomeeeeeee e oo 159
Figure 9-4: Z-Bracket Fail Safe 1A, Load Cas@ 20 ........cc..coiiiieriieceeeeee e 161
Figure 9-5: Zenith Radiator Panel (skin) Fail Safe 1A, Load Case 29, Layer Z2.........ooooeveeeeeeeeeeeeivennn 162
Figure 9-6: Zenith Radiator Panel {core) Fail Safe 1A, Load Case 25..........ccccoovoveeeeeeeeeeeeeeeeeeesonns 163
Figure 9-7: Z-Bracket Fail Safe 1B, Load Case 29 .........ovviieeeeeeeeeeeeee e e oo 164
Figure 9-8: Zenith Radiator Panel (skin) Fail Safe 1B, Load Case 29, Layer Z2...........coooceovveeereeeeereen.. 165
Figure 9-9: Zenith Radiator Panel {core)} Fail Safe 1B, Load CaS€ 25....veeeeeveereeeees oo 166
Figure 9-10: VSB Support Fail Safe 6, Load Case 10, LAYEr Z2 ..........cveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees o 167
Figure 9-11: VSB Cover Fail Safe 6, Load Case 10 ..ot et 168
Figure 9-12: VSB Body Fail Safe 6, Load Case 29...........c...oieirieci e e e oo 169

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutli i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. Alf right reserved.




N*® Doc:
Doc Ne. AMSTCS-TN-CGS-011

\ 4 AMS02 - TCS o , o

v Issue Dafe: 31/03/08
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | pagina di
CARLO GAVAZZ| SPACE SpA REPORT page 12, 200
1. SCOPE

This document corresponds to contract deliverable DEL 075.
The verification by analysis of the structural requirements of AMS-02 CRYQ TCS Zenith Radiators and
Vertical Support Beams (VSB) has been described.

The compliance with the structural requirements has been verified for the following items:
= Zenlth radiator including
Z-Brackets
Stiff Bracket
GPS Antenna Support
Radiator Panel
Loop Heat Pipes (LHP) Condenser Line
Spokes
LHP Transport Lines
Bimetallic Support Brackets
. Vertlcal Support Beams (VSB) including
VSB Supports
CFRP body
CFRP cover
LHP VSB brackets
LHP VSB stand-off
LHP VSB3 upper bracket

The mathematical finite element model used in this document contains the following items:
« Zenith Radiator Panels
»  VSB structure

The scope of these analyses is lo demonstrate that the design of the AMS-02 CRYQO TCS and the VSB is
compliant with the structural requirements of AD 1.

A summary of the requirements follow:

First frequency of the entire structure > 50 Hz (AD 1)

All MoS positive, under applicable launch and landing design loads (AD 1)
All MoS positive, under applicable EVA loads (AD 1)

All MoS positive, under applicable thermo elastic loads (RD11)

No buckling under applicable loads (AD 1)

Presentation of the Table for the safety review

In accordance with AD 1 requirements, both nominal and fail safe configurations are considered.
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3. ACRONYMS AND ABBREVIATIONS

AMS Alpha Magnetic Spectrometer
BKT Bracket

EID Element Identification

EVA Extra Vehicular Activity

FEM Finite Elernent Model

I/F Interface

LC Load Case

LHP Loop Heal Pipe

MoS Margin Of Safety

MU Measurement Unit

NA Not Available

SAR Structural Analysis Report
SF Safety Factor

SPC Single Point Constrain

TBD To Be Defined

TCS Thermal Control System
TRD Transition Radiation Detector
Uss Unique Support Structure
vSB Veriical Support Beams
WRT With Respect To
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4. TCS RADIATORS FLIGHT HARDWARE DESCRIPTION

Next image shows the Zenith Radiator position onto AMS-02.

AMS 02

PR MO e saind TRD TOF (51 520

Yosbr 512

TOF{s3 241}

AMS:

inlegrariox !Ml'l'

Figure 4-1: General view of AMS-02

The VSB are placed on the lateral surface of vacuum case. The following figure shows the Zenith Radiator and VSB
positions with respect to the Vacuum Case.
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ZENITH RADIATORS

F

e'— 3 : LHP
| ; <«— TRANSPORT
P : LINES

Figure 4-2: CRYQ TCS system and VSB view positioned on the vacuum case

Next table lists the items verified in the analyses reported in the present document.
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ITEM DRAWING NUM MATERIAL FAILURE MODE | REmARks | PAGE
40-AMS02TCS-250.00.00
L) 40-AMS02TCS-250.00.00 G352 SEno D
STIFF BKT 40-AMS02TCS-210.01.03 Al 7075 T7351 strenglh 76
GPS ANTENNA SUPPORT 40-AMS02TCS-200.00.01 Al 7075 T7351 sirenglh 77
40-AMS02TCS-220.01.01
40-AMS02TCS-220.01.03 Al 2024 T81
ZENITH RADIATOR PANEL 40-AMS02TCS-220.01.06 YL BT sirenglh 78, 79
40-AMS02TCS-220.01.02
40-AMS02TC5-220.01.04
LHP CONDENSER LINE 40-AMS02TCS-220.01.05 Al3003 O strenglh 81
Ti 6Al 4V h
SPOKES 40-AMS02TCS-240.00.00 ' sirengl 85
GFRP buckling
BIMETALLIC SUPPORT BKT A0-AMS02TCS-220.01.12 PEEK-1000 strength 86
LHP TRANSPORT LINE AISI316L - O sirength a7
LHP TRD BKT PEEK-1000 strenglh a9
40-AMS02TCS-261.00.02
VSB SUPPORTS 40-AMS02TCS-281.00.03 Al 7075 T7351 strength a0
VSB BODY 40-AMS02TCS-281.00.01 CFRP strength 97
VSB COVER 40-AMS02TCS-281.00,07 CFRP sirength 96
LHP VSB STAND-OFF 40-AMS02TCS-2681.00.18 PEEK-1000 slrength a3
40-AMS02TCS-281.00.12
40-AMS02TCS-281.00.13
40-AMS02TCS-281.00.14
LHP VSB BKT 40-AMSO2TCS-283.00.04 PEEK-1000 slrenglh a1
40-AMS02TCS-283.00.05
40-AMS02TCS-283.00.06
LHP VSB3 UPPER BKT PEEK-1000 sirenglh 94

Table 4-1: Verified iterns — 1 of 2
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ITEM DRAWING NUM MATERIAL FAILURE MODE REMARKS | PAGE
Z-BRACKET/ RADIATOR JOINT NAS 1351 A286 strength 103
Z-BRACKET/TRD JOINT NAS 1351 AZ66 strenglh 103
STIFF BKT/RADIATOR JOINT NAS 1351 AZ86 slrength 108
STIFF BKT/TRD JOINT NAS 1351 AZ286 slrength 108
SPOKES/RADIATOR JOINT Ti 6Al 4V strength 114
SPOKESITRD JOINT Ti 6A1 4V strength 114
GPS ANTENNA SUPPORT/TRD JOINT NAS 1351 A2886 slrenglh 118
GPS ANTENNA.'GE:(SJ I.:I;J_TENNA SUPPORT o e — 122
VSB « VACUUM CASE JOINT NAS 1351 AZ86 s{rength 125
VW58 BODY [ LHP vSB BKT JOINT NAS 1102 A286 strength 128
V5B SUF‘F’ORTSI:-I I6I;|:TVSB STAND-OFF M5 A2-T0 strength 131
VSB BODY/NSB COVER NAS 1351 A286 sirength 134
BIMETALLIC supJ%?STT BKT/RADIATOR SR o Ty .
VSB SUPPORTS/VSB BODY JOINT MS 20426 Al2117-T4 strenglh 140
Table 4-2: Verified items — 2 of 2

FAILURE|  VERIFICATION APPLIED
Von Mises on shell
Maximum combined on bar
See Annex 1 for bolt verification
Forces on Zenith Radiator inserts
Forces on Zenith Radiator bonded junction
Forces on bimetallic joints

Slrength

Buckling |Local buckling (stress and forces hand calculation)

Table 4-3: Strength and buckling verification explanation
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5. CRYO TCS ZENITH RADIATORS AND VSB FEM DESCRIPTION

The structure of the CRYO TCS Zenith Radiators and VSB is modelled in a single FE Model
{AMS_ZR_FINAL_080306.bdf).

Only the VSB1 has been modelled since this is the worst VSB from the structural point of view; in particular the

VSB1 has more mass attached on, therefore it will have lower frequencies and higher stress (wrt inertial loads) than
the other VSB.

In the following image a view of the CRYO TCS Zenith Radiators and VSB1 FE model is presented.

ZENITH RADIATOR PANELS

LHP CONDENSER LINE

“ G GPS ANTENNA SUPPORT

LHP TRANSPORT LINES

! VSB1

X%

Figure 5-1: Generaf view of the CRYQ TCS Zenith Radiators and VSB FE model

In the following chapters the structural Finite Element Model is described.
5.1 USED SOFTWARE

The software used for FEM pre and post processing is MSC/PATRAN 2005r2.
The software used for Finite Element analysis is MSC/NASTRAN V2005.
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5.2 MODEL UNITS

Defauit FEM units {otherwise specified) are:

= length [m]

*  Mass [Kg]

= Force [N]

= Moment [Nm]

=  Materials density [Kglms]
*  Young's module [N/m?)
*  Stress [N/m?)
= Displacements [m]

5.3 MODEL COORDINATE SYSTEM

For the Main Radiators model, the AMS-02 coordinate system (Coord 0 in Figure 5-2) is used:

Coord 0

Figure 5-2: AMS-02 coordinate system
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Next image shows the CRYO TCS Zenith Radiators FE model dimensions and position with respect to the AMS
coordinate system.

1.58 m

Figure 5-3: CRYO TCS Zenith Radiators and VSB dimensions wrt AMS coordinate system
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5.4 MODEL MATERIALS

In the following tables there are reported:
= properties of each material

= jtlems material
* corresponding NASTRAN card

5.4.1 AL 2024 T81

2024 Aluminium Alloy
Source MIL-HDBK-5H
Specification AMS-QQ-A-250/4
Form Sheet
Temper T81
Thickness [in] 0.010 - 0.249
Mechanical Properties

[MPa] [ksi]
Ftu 461.95 67
Fty 399.90 58
Fcy 399.90 58
Fsu 275.79 40
Fbru 689.48 100
Fbry 572.26 a3
E 72395 | 10500

Physical Properties

[kg/m®] | [Ib/in’]
p 2768 0.1
v 0.33

Table 5-1: AL 2024 T81 properties
NASTRAN CARD: |MAT1 7 7.24+410 2.722410.33 2768. 2.17-5 293.15

USED ON ITEMS | ZENITH RADIATOR UPPER AND LOWER SKINS

Table 5-2: AL 2024 T81 in FE model
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5.4.2 ROHACELL 51WF
ROHACELL 51WF
Sotlice Vendor datasheet
Form
Mechanical Properties
[MPa] [ksi]
Ftu 1.9 0.28
Fcu 0.9 013
Fsu 0.8 0.12
E11 70.0 10.15
E22 70.0 10.15
G13 19 2.76
G23 19 2.76
G12 19.0 2,76
Physical Properties

[kg/m?] fib/in’]

p 52 0.00188
Table 5-3: ROHACELL properties
NASTRAN CARD: |maT1 9 7.5+7  2.447 .49 52. 2.7-5 293.15

USED ON ITEMS | ZENITH RADIATOR PANELS CORE

Table 5-4: ROHACELL in FE model

In main radiator there is a 10 mm thick layer of Rohacell between the 1.6 mm thick upper and the 0.3 mm lower
skins.

Aluminium skin and Rohacell core are joined with EC2216 curing film adhesive type. Considered lap shear stress,
used for bonding failure index calculation, is 17 MPa, taken from EC2216 datasheet,

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservali.
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5.4.3 AL 707577351

7075 Aluminium Alloy
Source MIL-HDBK-SH
I AMS 4078 and
Specification AMS-QQ-A-250/12
Form Plate
Temper T7351
. . 0.250 - 0.499
Thickness {in] {mm) (6.35 - 12.675)
Basis S

High resistance to SCC, according to ECSS-Q-70-36A
Mechanical Properties

[MPa) [ksi]
Ftu 468.84 68
Fty 393.00 57
Foy 386.11 56
Fsu 262.00 38
Fbru 703.27 102
Fbry 544.69 79
E 71016 10300
Physical Properties

[kgim?] [tbfin’]

o 2796 0.101
0.33

Table 5-5: AL 7075 T7351 properties

NASTRAN CARD: | MAT1 4 7.016+102.638+10.33 2796. 2.17-5 293.15
STIFF BKT
USED ON ITEMS: | GPS ANTENNA SUPPORT
VSB SUPPORTS
Tabie 5-6: Al 7075 T7351 in FE mode{

Different NASTRAN card have been used to model different parts.
Different allowabie stress have been used in verification taking into account for each part specifications and
thicknesses.
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5.4.4 TI-6AL-4V
TI-6AL-4V
Source MIL-HDBK-5H
Specification AMS 4928
Form Bar
Basis A
Mechanical Properties
[MPa] [ksi]
Ftu 861.84 125
Fty 786.00 114
Fcy 889.42 129
Fsu 565.37 82
Fbru 1378.95 200
Fbry 1220.37 177
E 116521 16900
Physical Properties
[ka/m’] [1b/in®]

0 4428.8 0.16
\ 0.31

Table 5-7: Ti-6AL-4V properties

NASTRAN CARD: |MAT1 10 1,165+114.447410.31 4428.8 B.B6-8 293,15

USED ON ITEMS: | SPOKES ROD UPPER AND LOWER ROD ENDS

Table 5-8: Ti-6AL-4V in FE model
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5.4.5 PEEK 1000
Peek 1000
Source Matweb
. ASTM D638
Specification ASTM D790
Mechanical Properties
[Mpa] [ksi]
Ftu 110 16
Fcu 138 20
E 4344 630
G 4137 600
Physical Properties
[kg/m’] [Ib/in*]
p 1310 0.0473
v NA
Table 5-9: Peek 1000 properties
. |MAT1 3 4.34+9 4.14+9 -.4758461309. 4.68-5 293.15
NASTRAN CARD: 1.1+8 1.3848 5.52+47
BIMETALLIC SUPPORT BKT
LHP TRD BKT

USED ON ITEMS:

LHP VSB STAND-OFF

LHP VSB BKT

Table 5-10: Peek 1000 in FE mode!
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54.6 AL3103
3103 Aluminium Alloy

Source Vendor Datasheet
Specification EN 754-2
Form Drawn tube
Temper ]
Diameter <20 mm

Mechanical Properties

[MPa] [ksi]
Ftu 95.00 13.8
Fty 35.00 5.1
Feoy 35.00 51
E 68900 9993.1
Physical Properties
[kg/m®] [Ib/in®]

p 2730 0.118
v 0.33

Table 5-11: Al 3103 properties

NASTRAN CARD: |MaT1 2 6.89+10 2,5+10 .33 2730. 2.17-5 293,15
USED ON ITEMS: |LHP CONDENSER LINE

Table 5-12: Al 3103 in FE model
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5.4.7 AISI316L

AlIS| 316 STAINLESS STEEL
Source Vendor datasheet
Specification ASTM A-632-04
Condition Annealed
Form Hydraulic Tubing

Mechanical Properties
[MPa] [ksi]

Ftu 567.00 80.79

Fty 303.00 43.95

Fcy 303.00 43.95

E 193053.25 28000

Physical Properties

[kg/im®} [tbfin®]

p 8000.00 0.347

v 0.28

Table 5-13: AlSI 316L properties

NASTRAN CARD: iMAT1 1 1.93+11 7.539+410.28 8000. 15.19-5 293.15

USED ON ITEMS: | LHP TRANSPORT LINES

Table 5-14: AISI 316L in FE model
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5.4.8 CARBON FIBRE
CFRP
Source Vendor datasheet
Specification 407
P TY.1 CL.5 GR.C CAB
Fiber Producer CYTEC
Form Harness
Ply thickness [mm] 0.348
Mechanical Properties

[MPa] [ksi]
Ftu11, Ftu22 689 100
Fcu11, Fcu22 551 80
Fsu 55 8
Et11, Et22 62000 8992
Ec11, Ec22 55000 7977
Ebend 62000 8992
G 3100 450

Physical Properties

fkg/m’] [Ibfin®]
P 1700 0.051
v 0.06

Table 5-15: CFRP plain wave properties
NASTRAN CARD: MATB 3 6.2054105.516+10.06 3.1+9 3.1+8 3.1+9 1700,
2.-6 2.-6 6,.0948+85.51568+P86.8948+685.5158+85.515847
VSB BODY
USED ON ITEMS VSB COVER

Table 5-16: CFRP in FE mocdel

Fibres have been combined in the way reported in next table (0° means alignment to VSB body and cover main
direction).

Ply Type Direction |
1 EMS353182 0
2 EMS53182 0
3 EMS53182 +45°
4 EMS53182 +45°
5 EMS53182 0
6 EMS53182 0
Table 5-17: VSB body and cover ply layup
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5.4.9 GLASS FIBER REINFORCED PLASTIC

GFRP PLAIN WAVE
Source Vendor
Specification -
Form Plain Weave fabric
Fiber Type E-Glass
Ply Thickness [mm] 0.25
Mechanical Properties
[MPa] [ksi]
Fiu 378 55
Fcu 455 66
Fsu 97 14
Et 41000 5947
Ec 41000 5047
G - 5300 769
Physical Properties
[kg/m®] [Ib/in’]
D 2200 _0.0054
v 017
Table 5-18: GFRP plain wave properties
GFRP PULTRUDED
Source Vendor
Specification -
Form Pultruded
Fiber Type E-Glass
Resin Tvoe SYNOLITE 0612-N-1
yp (Polyester)
Ply Thickness [mm] 0.25
Mechanical Properties
[MPa] [ksi]
Flu 800 116
Fbending_u 800 116
E 35000 5076
Eflex 35000 5076
G 13400 1944
Physical Properties
[ka/m’] [Ibfin’]
D 2000 0.0867
v 0.3

Table 5-19: GFRP pultruded properties
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MATS 5 4.1+10 4.1+10 17 5.3+9 2200.
NASTRAN CARD
GFRP PLAIN WAVE 1.-5 1.-5 293,15 3.781+8 4.55+8 3,781+8 4.55+8 9.71+7

ot

NASTRAN CARD
GFRP PULTRUDED |MAT1 30 3.5+410 1.34410 .3 2000. 1.-5 293.15

Z-BKT
USED ON ITEMS SPOKES

Table 5-20: GFRP in FE model

For the Z-BKT the fibres have been combined in the way reported in next table to build the rods (0° means aligned
to Z-BKT main direction}.

Ply Type Direction
1 GFRP PLAIN WAVE 0
2 GFRP PLAIN WAVE -45°
3 GFRP PLAIN WAVE 0
4 GFRP PLAIN WAVE +45°
5 GFRP PLAIN WAVE 0
6 GFRP PLAIN WAVE -45°
7 GFRP PLAIN WAVE 0
8 GFRP PLAIN WAVE +45°
9 GFRP PLAIN WAVE +45°
10 GFRP PLAIN WAVE 0
11 GFRP PLAIN WAVE -45°
12 GFRP PLAIN WAVE 0
13 GFRP PLAIN WAVE +45°
14 GFRP PLAIN WAVE 0
15 GFRP PLAIN WAVE -45°
16 GFRP PLAIN WAVE 0

Table 5-21: VSB body and cover ply
disposition

5.4.10 DUMMY MATERIAL FOR BOLTED CONNECTIONS

A dummy material with high stiffness is used for beam elemenis that represent bolted connections:
The corresponding NASTRAN BULK data card is:

MAT1 8l 4.1+11 1.577+11.3 al g 1.5593-5 293.15
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5.5 FEM MODEL COMPONENTS DESCRIPTION

In this chapter the components of the CRYO TCS Zenith Radiators and VSB Finite Element Model are presented:

FE model
GRID POINTS 67974
ELEMENTS 81753
CBAR 6700
CHEXA 28944
CONM2 93
CPENTA 352
CQUAD4 44805
CTRIA3 568
RBE2 201

Table 5-22: Cryo Tcs Model summary

FE Model subcomponents are listed here and presented in the following chapters.

- Zenith Radiator Panel
- Spokes

- Lhp Condenser Line

- Lhp Transport Line

- Z-Brackets

- Stiff Brackets

- Gps Antenna Support
- Bimetallic Support Brackets
- Lhp Trd Brackets

- Vsb Support

- Vsb Body

- Vsb Cover

- Lhp Vsb Stand-Off

- Lhp Vsb Bracket

Questo documenio contiene informazicni di proprietd di CARLO GAVAZZ| SPACE SpA. Tutti i dirilti sono riservati.
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5.5.1 ZENITH RADIATOR
L L UPPER
|l [ = “— SKIN
_I_ 3 ‘ I_

o 1761 ROHACELL®

LOWER SKIN

Mass [kg] Total: 33.0

Material AL 2024, Rohacell

Thickness range [m] 0.010 : 0.0003

Used fem elements Shell and Solid o

Figure 5-4: Zenith Radiafor
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5.5.2 SPOKES
Mass [kg] Total: 1.68
Material GFRP, Ti-6AL-4V
Thickness range [m] 0.0015 (radius)
Used fem elements Bar, conm2

Figure 5-5: Spoke

Figure 5-6: Spokes assembly
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5.5.3 LHP CONDENSER LINE

v
Mass [kg] 0.60

Material AL 3103

Thickness range [m] 0.0005; (0.002, 0.0015 radius)
Used fem elements Bar

Figure 5-7: LHP Condenser Line
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5.54 LHP TRANSPORT LINE

+
Mass [kg] 1.06
Material AlSI 316
Thickness range [m] 0.0005; (0.002, 0.0015 radius)
Used fem elements Bar

Figure 5-8: LHP Transport Lines
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5.5.5 Z-BRACKETS

8 8

G
o
X
Mass [kg] 0.3
Material GFRP
Thickness [m] 0.004
Used fem elements Shell

Figure 5-9: Z-Brackets
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5.5.6 STIFF BRACKETS

|
1

B
EEEC
\

1

Typical of 4
Total Mass [kg] 1.03 (of 4 brackets)
Material Peek
Thickness [m] 0.006, 0.004
Used fem elements Shell

Figure 5-10: Stiff Brackets
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5.5.8 BIMETALLIC SUPPORT BRACKETS

BI-METALLIC INSERT
&

"

2 brackets, typical of 8

Total Mass [kg] 0.29
Material Peek
Thickness [m] 0.012:0.004
Used fem elements Shell, conm2

Figure 5-12: Bimetallic Support Brackets

Each Bimetallic insert is modelled as punctual mass of 0,004 kg (CONM2 element) and it is connected to the
bimetallic support bracket with a rigid element (RBE2) with all DoF constrained.
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5.5.9 LHP TRD BRACKETS

1, typical of 8

: s
Total Mass [kg] 0.23

Material Peek
Thickness [m] 0.008
Used fem elements Shell

Figure 5-13: LHP TRD Brackets
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5.5.10 VSB SUPPORT
UPPER VSB SUPPORT
LOWER VSB SUPPORT
Total Mass [kg] 0.73
Material AL 7075 T7351
Thickness [m] 0.008:0.0025
Used fem elements Shell
Figure 5-14: VSB Support
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5.5.11 Vv§B BODY

Mass [kag] 0.56
Material CFRP
Thickness [m] 0.002
Used fem elements Shell

Figure 5-15: V8B body
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5.5.12 VvSB COVER

Mass [kg] 0.34
Material CFRP
Thickness [m]) 0.002
Used fem elements Shell

Figure 5-16: VSB cover
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5.5.13 LHP VSB STAND-OFF

Mass [kg] 0.07
Material Peek
Thickness [m] 0.02:0.003
Used fem elements Shell

Figure 5-17: LHP VSB stand-off
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5.5.14 LHP VSB BRACKET

VSB3 - RAM BRACKET

a

VSB1 - WAKE PORT BRACKET

Total Mass [kg]

0.11 (VSB1); 0.12 (VSB3)

Material Peek
Thickness [m] 0.02:0.001
Used fem elements Shell

Figure 5-18: LHP VSB bracket
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5.5.15 LHP VSB3 UPPER BKT

LLh o

¥
Mass [kg] 0.006
Material Peek
Thickness [m] 0.01
Used fem elements Shell

Figure 5-19: LHP VSB3 upper bracket
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5.6 MODEL BOUNDARY CONDITIONS

In the following figures the constraint condition for the CRYO TCS Zenith Radiators and VSB are presented;

The Zenith Radiator is constrained by the Spokes and brackets (Stiff and Z) with SPC card (6 DoF).
The LHP Transport Line is constrained through the TRD brackets, the VSB supports, the LHP VSB3 brackets and
the Compensation Chamber by SPC card (6 DoF).

Figure 5-20: Model boundary conditions for CRYO TCS
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5.7

MODEL MASS BUDGET

The mass of the model is without any contingency.

Table 5-23: CRYO-TCS and VSB FEM mass budget

{ Part Mass |  Total Mass | Fem Mass
ITEM al Q.ty | e fkg] Remarks
: CRYO-TCS ' =
QOuter Skin 5.38 4 21.50 24.14
Lower Skin 1.01 4 4.05 5.71
Rohacell Core 0.60 4 2.41 2.47
Condenser Line 0.15 4 0.60 0.64
Spokes Insert 0.02 52 0.90 0.69
g QOther Insert 117 1 1.17 -|Added lo spoke insert
< [Spokes 001 52 0.71 1.68
g Adhesive 1.09 4 4.35 -lAdded to radiator skin
Stiff. Bracket 0.27 4 1.06 1.03
Z-Bracket 0.05 4 0.20 0.30
Bimefallic Joints Bracket 0.15 8 1.19 0.72|Bi-metalllc joinls masses added
Gps Antenna Support 0.29 1 0.29 0.29
_ L _Subtotal 3842 arer -
" LHP Long-Cryo siructure 0.37 2 0.74 1.01 g;’:‘:::::;t’f; ::::ber and
£ |LHP Short-Cryo structure 0.18] 2 0.31 0.54|Compensation chamber and
| & [LHP-TRD M structure Brackels 0.04 8 0.30 0.23
| g [VSB3 Lateral Bracket 0.03] 4 0.12 0.12
| B |VSB3 Upper Bracket 0.01 1 0.01 0.01
i — Subtotal 148 191 5
' — PP Vi . — e _
Channel 0.55 1 0.55 2.02|TCS inlernal masses added
Upper Support 0.40 1 0.40 0.37
e Lower Support 0.36 1 0.36 0.35
= O Channel Upper Cover 0.27 1 0.27 0.28
1 § Channel Lower Cover 0.05 1 0.05 0.05
g Lateral Bracket and Stand-off 0.04 4 0.16 0.18
= Suppaort and Clamp 0.18 1 0.18 -|Added as NSM
Harness 0.35 1 0.35 0.01)0.34 added as NSM
= - Sllb-!qh_l ] _ Ly ' 233 p O 327 ST i L
TOTAL 42,23 42.88| Diff. 1.48 %
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5.8 MODEL CHECK
The mathematical checks of the FE model are presented.
5.8.1 MODEL SIZE AND GEOMETRY

In the following tables the summary of the check runs that verify the mathematical correctness of the assembly
model is shown:

MATHEMATICAL MODEL VERIFICATION RESULTS
GEOMETRY CHECK

MODEL FILE NAMES :
AMS_ZR_FINAL 080306.bdf

RUN FILE NAMES

AMS_ ZR_FINAL 080306_STRAIN.dat, param_zr.blk

MODEL UNITS

Length=m, mass=Kg, dansity=Kg/m*3, Young mod.=N/m*2, Slress=N/m*2, Deformation=m, Strain En=N*m=Joule.

MODETL SUMMARY

NUMBER OF GRID POINTS = 67974
NUMEBER OF CBAR ELEMENTS = 6700
NUMBER OF CHEXA ELEMENTS = 28344
NUMBER OF CONWNM2 ELEMENTS = 93
NUMBER OF CPENTA ELEMENTS = 352
NUMBER OF CQUAD4 ELEMENTS = 44805
NUMBER OF CTRIA3 ELEMENTS = 568
NUMEER OF RBE2 ELEMENTS = 291

Table 5-24: FEM Geomelry Check
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5.8.2 FREE-FREE AND HARDMOUNTED MODES

In the rigid body check the first 24 free body frequencies (6 free modes times each radiator panel, near to zero) are

investigated. The six DoF of the rigid elements RBE2 are constrained to lock the free modes of the bracket
connected to the LHF.

MATHEMATICAL MODEL VERIFICATION RESULTS
MASS PROPERTIES, FREE-FREE MODES, HARDMOUNTED MODES

|MODEL FILE NAMES: AMS_ZR_FINAL _080306.bdf

[RUN FILE NAMES: AMS_ZR_FINAL_080306_MODAL FREE_FREE.dat, AMS_ZR_080306_MODAL.dat, param_zr.bik, EFFMASSA V707

MODEL UNITS
Length=m, mass=Kg, density=Kgim*3, Young mod.=N/m*2, Stress=N/m*2, Deformation=m, Strain En=N*m=Joule.

PARAMETERS: PARAM,.GROPNT.O
PARAM.POST,0 PARAMWTMASS 1,
PARAM PRTMAXIM,YES PARAM KEROT,T.
PARAMAUTQSPC,YES PARAM PRGPST NO
PARAM.COUPMASS.D PARAM NCCOMPS.G

oOUTPUT FROM GRID POINT WEIGHT GENERATOR
REFERENCE PQINT = 0
MO
+000000E+00 6.776264E-21 6.07063BE+01 -4,401766E+00
~-4.065750E-20 4.2685815E+01 .000000E+00 -E.07D69BE+01 6.776264E-21 1.709236E+00
0.000000E+00 0.000000E+D0 +285815B401 4.401768E+00 -1,T09236E+00 0.000000B+00

4.2B85B15E+01 -4.06575BE-20 0
0
4
-T76264E-21 -6.07069BE+01 4.40176BE+00 1.150089E+02 -2.7823372+00 1.795405E-01
1
0

LI R IR
o

6.07069BE+01 6.776264B-21 -1.7089236E+00 -2,782337E+00 1.135494E+02 -6,721925E-01

-4.40176BE+00 1.709236B+00 .000000E+00 1.795405B-01 -6,.721925E-01 4.04B8012E4+01
[

* 1.000000E+D0 ©.900000E+00 O.000000E+00

* 0.00D00DE+00 1.000000E+00 0.000000E+00

LN

L

MASS + 0.000000E+00 0.Q0D0OOE+Q0 1.000000E+00 +
DIRECTION
PROPERTIES MASS AXIS SYSTEM (8) MASS x-c.G. ¥-c.G. 2-C.G.
X 4.2658152401 1.581091E-22 1.027055E-01 1.416463E+00
¥ 4.2658152401 3.988124E-02 1.581091B-22 1.416463E+00
z 4.285815E+01 3.9881242-02 1.027055E-01 0.000000E+00
I(8)

* 3.25675BE+D1 2.606789E+00 -2.600610E+00 +
* 2.606783E+00 2.749201E+01 -5.562749E+D0
% -2,600610E+00 -5.562749E400 3.995987B+01 +

*

rig)
¥ 4,232BT4E+01 G
5 2.402755E+01 -
- 3.366317E4+01 *
Q

* -1.627800E-01 3.708515E-01 9.143149E-01
* -3.211B27E-01 B.562853E-01 -4.044961E-01
% ~89.329225E-01 -3.595060E-01 ~2.027509E-02 +

LN

EEAL EIGENVALUEZES

MODE  EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GERERALIZED
NO. ORDER MASS STIFFNESS

1 1 -8.509070E-05 2.968008E-03 £.723731R-04 1.000000E+00 -6.809070K-06

2 2 -2.5125128-06 1,585090E-03 2.5227508-04 1.000000E+00 -2.5125138-06

RIGID BODY 3 3 -2,4239632-06 1.536876E-03 3.4770458-04 1.000000E+00 -2.,423063E-06
1

NORMAL MODE 24 b1 1.950807K-05 4.461045E8-03 7.101247E-04 1.000000E+00 1,990007E-05

CHECK 25 25 7.7057268+00 2.790291E+00 1.440887E-01 1,000000K+00 7.7B5726E+00

26 26 1.409753E+01 3.754675E400 5,975751K-01 1.000000E+00 1,4097598+01

27 27 1.707595E+01 €.220001E+00 §.725073E-01 1.000000E+00 1.787559E+01

28 28 2.407631E+01 4.987B168+00 7.938356E-01 1. 0000008400 2.487031E+01

23 23 8.TAI407E+01 9.3751B4E+00 1.492107E+00 1.000000E+00 8. 7B9407E401

30 30 1.418030K+02 1.190811E+01 1.895234+00 1.004000E+00 1.4180368+02

REAML EIGENVALUES
MODE  EXTRACTION E1GENVALUR RADIANS CYcLES GENERALIZED GENERALIZED
NO. ORDER MASS STIPFRESS

1 1 5.033931E+04 2.2436428+02 3.5708608E401 1.000000K+00 5.033931E+04

2 2 6.571914E+08 2,5635758+02 4.080055K+01 1.0000008+00 6.5T19148+04

HARDMOUNTED 3 1 7. 629609K+04 2.798144E+02 4453304401 1.0000008+00 7.0296098+04

NORMAL MODE 4 4 $.3525138404 3.058191R+02 4.867262E401 1.0000008+00 9.352533E+04

CHECK 5 5 9.572865+04 3, 0940052402 4.924261E401 1.000000%+00 9.5728658+04

& 6 1,0058618+05 3.1715308+02 5. 04764 7E+01 1,0000008+00 1.005861B+05

7 1 1.0851858+05 3.2942148402 5,242304E+01 1.000000E+00 1.0651B5E+05

B [] 1.105578R+05 3.325024E402 5.291940E+01 1.000000K+00 1.105570E+05

9 9 1.219099E+08 3.491559E+02 5.556590K+01 1,0000008+00 1.215099E405

10 10 1.248310K+05 3.533392E+02 5, 624522E+01 1.0000008+00 1.248310E+05

Table 5-25: FEM mass properties, free-free modes, hardmounied modes
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5.8.3 1G CHECK
MATHEMATICAL MODEL VERIFICATION RESULTS
1g CHECK
MODEL FILE NAMES : AMS ZR FINAL_080306.bdf
RUN FILE NAMES AMS_ZR_FINAL_080306_1G.dat, ZENITH_RADIATOR_grav_1gchk.blk, ZENITH_RADIATOR_subcases_1gchk.blk,
aram_zr.blk
PARAMETERS: PARAM,GRDPNT.,0
PARAM,POST.O PARAM WTMASS,1.
PARAM,PRTMAXIM,YES PARAM, KBROT 1.
PARAM,AUTOSPC,YES PARAM,PRGPST,NO
PARAM,COUPMASS,0 PARAM,NOCOMPS,0
CLOAD  RESULTANT
SUBCASE/  LOAD
DAREA ID  TYPE T1 T2 T3 R1 RZ R3
10001 FX  4.204384E+02 ---- 5.955355E+02 -4.318135E+01
FY - 1.B97354E-19 -1.602316E-19 - -8.722745E-20
FZ - 0.000000E+00 0.300000E40C ©0.0000Q0E+00 -
MX -- - 0.000000E+00 -
MY 0.0000Q0E+00 .-
MZ - 0.00GO0SE+T0
TOTALS 4.204384E+02 1.897334E-1% 0.000000E+00 -1.602316E-19 5.9553S5E+02 -4.318135E+01
10002 FX  -1.897354E-19 --- -1.602316E~19 -2.5492B7E-19
FY - 4.204384E+02 - -5.958355E+02 1.676761E+01
FZ . - 0000DOE+00 0.00000CE+00 0,000000E+00
MX - - 0.000000E+0C ----
MY - e ---- 0.000000E+00
MZ - 0.00000DE+DD
TOTALS ~1.B97354E-19 4.204384E+02 0.000000E+00 -5.955385E+0Z -1.602316E-19 1.676761E«01
10003 FX 0.00000DE+0D 0.000060E+00 0.000000E+00
FY - 0.CD0DODE+C0 0.000000E+00 0.000000E+ (0
UNITY GRAVITY FZ - 4.204384E+02 4.318135E+0) -1.676761E+01 --
LOADING M -_ -‘- :::: 0.0????0E+DD oL _-:-
M¥ - 0.000000E+00
CHECK Mz oe 0.0000005+60
{COORD 0) TOTALS 0.000000E+00 0.000000E+00 4.204384E+02 4.318135E+01 -1.676761E+)1 0.000000E+00
_ SPCFORCE RESULTANT
M=42.858K8  |cypcases  Loan
g=09.81 DAREA ID  TYFE T1 T2 T3 R1 Rz R3
Fxyz=420.438 N 10001 FX  -4.204384E+(2 -5.745985E+02 4.231357E+01
FY -1.638883E-10 3.262308E+00 8.8731B0E-01
FZ .- -1.049563E-10 -2.823337E+0D -1.5137689E+01
MX - -4.389710E-01
MY TR -5.799301E+00
Mz -1.954249E- 02
TOTALS -4.204384E+02 -1.63BE83E-10 -1.048563E-10 0(,000000E+0D -5.955365E+02 4.318135E+01
10002 FX  1.5¢5585E-10 -4.103131E-01 -1.837864E-01
FY ———- -4.204384E+02 5.777409E402 .- -1.618969E+D1
F2 .- - 1.625791E-10 1.139256E+01 -1.125549E-01
X 6.4019B2E+00 .-
MY - ---- 5_228679E- 01 aee-
MZ e -3.941344E-01
TOTALS 1.5B85585E-10 -4.204384E+02 1.625793E-10 5.955355E402 -3.725250E-08 -1.676761E+01
10003 FX  -7.B0BOG4E-11 -4.739797E-01  2.603524E-C1
FY - -5.B76519E-11 -1.231463E+00 -3.159905E-01
FZ -- - +4.204384E+02 -4.179078E+01 1.715287E+02
X --- -1.5%1038E-01 .-
mY --- - ---- 8.871832E-02
MZ - v 5.563803E-02
TOTALS -7.80B004E-11 -5.676519E-11 -4.204384E+02 -4.318135E+01 1.676761E+01 -1.862645E-09
LOAD SEQ. RO. EFSILON EXTERNAL WORK
EPSILON 1 -3,1B94470E-11 2.811B764E-03
2 -6.9713961E-12 2.400281BE-03
3 2,3807765E-13 1.5587105E-03
Table 5-26: FEM 1g check
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Figure 5-21: 1G check analysis run results
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5.8.3.1 STRAIN ENERGY CHECK

MATHEMATICAL MODEL VERIFICATION RESULTS
STRAIN ENERGY CHECK
MODEL FILE NAMES : AMS_ZR FINAL_080306.hdf
RUN FILE NAMES: AMS_ZR_FINAL 080306 _STRAIN.dat, param_zr.blk
COMAND: GROUNDCHECK(SET=ALL,THRESH=1.E-3,DATAREC=YES) = YES
PARAMETERS: PARAM,GROPNT,0
PARAM,POST.0 PARAMWTMASS, 1.
PARAM,PRTMAXIM,YES PARAM,KBROT 1.
PARAM,AUTOSPC,YES PARAM,PRGPST NO
PARAM,COUPMASS,0 PARAM,NOCOMPS.0
RESULTS OF RIGID BODY CHECKS OF MATRIX KGG {G-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-03
DIRECTION STRAIN ENERGY PASS/FAIL
1 2.033056E-05 PASS
2 3.200691E- 05 PASS
3 7.483645E-05 PASS
a 8.367663E-05 PASS
5 7.452384E-05 BASS
8 6.59071SE- 06 PASS
RESULTS OF RIGID BODY CHECKS OF MATRIX KNN (N-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-03
DIRECTION STRAIN ENERGY PASS/FAIL
1 2.163456E-05 BASS
2 3.105822E- 05 PASS
3 6.817191E-05 PASS
1 7.641156E-05 PASS
5 5.917405E- 05 PASS
STRAIN 6 1.397239E-05 PASS
ENERGY CHECK
W] RESULTS OF RIGID BODY CHECKS OF MATRIX KMN+AUTO {(N+AUTOSEC-SET} FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF  1.C0000G0E-03
DIRECTION STRATN ENERGY PASS/FAIL
1 2.163456E-05 PASS
2 3.105822E- 05 PASS
3 6.817191E-05 PASS
1 7.641156E-05 PASS
5 5.917405E- 05 PASS
6 1.397239E-05 PASS
RESULTS OF RIGID BCDY CHECKS OF MATRIX KFF (F-SET} FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF  1.000000E-03
DIRECTION STRAIN ENERGY PASS/FAIL
1 2.163456E-05 PASS
2 3.105822E-05 PASS
3 6.817191E-05 PASS
4 7.641156E-0% PASS
5 5.917405E- 05 PASS
5 1.397239E-05 PASS
Table 5-27. FEM Strain Energy check
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5.8.3.2 THERMOELASTIC CHECK

Thermo elastic check has been performed considering:
¢ Isostatic boundary conditions
* Uniform temperature distribution (delta temperature 100°)
» Same CTE for all materials (1e-5)

Same Young's Modulus for all materials (1.e11 Pa)

Such check is made to check if fictitious stresses are introduced by the thermo elastic behaviour of the FE model.

MATHEMATICAL MODEL VERIFICATION RESULTS
THERMAL ANALYSIS CHECK

MODEL FILE NAMES
AMS_ZR_FINAL_080306_ thermalcheck.bdf

RUN FILE NAMES
AMS_ZR FINAL 080306 THERMAL CHECK.dat; ZR_load_temperature CHECK.blk; param_zr.blk

PARAMETERS :

PARAM, POST, 0
PARAM, PRTMAXIM, YES
PARAM, AUTOSEC, YES
PARAM, PRGPST, NO
PARAM, COUPMASS, 0
PARAM, GRDENT, 0
PARAM, K6ROT, 1.
PARAM, WTMASS, 1.

OLOAD RESULTANT
SUBCASE/ LOAD
DAREA ID TYPE Ty T2 T3 Rl R2 R3

THERMO 1 FX -1.261765E-09 S S N -B.34757BE+02 -2.008941E+04
ELASTIC Y ———- 4.1B5263E-12 oo -3.915837E+01 —.-- 2.008541E+04

FZ sooe ——— 2.238222B-06 3.915756E+01 B.347587E+02 oo
‘EO%EE}E) Mx ———- - .- 8.100699E-04 oo S

MY S S .- —— -9.041778E-04 -

Mz s — S — — -7,167160E-05

TOTALS -1.261765B-09 4.185263E-12 2.238222E-06 1.374108E-06 1,134950E-05 -7.167160E-05

MAXIMUM Maximum Von Mises stress = 0.29 MPa

STRESS . .
Maximum Combined stress = 0.22 MPa

Table 5-28:~Thermal analysis check

Following figure shows maximum stresses in thermo elastic check condition.
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Figure 5-23: Thermal check analysis run results, Maximum Combined stress
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6. CRYO TCS ZENITH RADIATORS AND VSB DIMENSIONING LOADS

The loads that the CRYO TCS Zenith radiators and VSB shall sustain are specified in AD 1

* 6.1 INERTIAL LOADS AND ACOUSTIC LOADS
6.2 EVA LOADS
6.3 THERMOELASTIC LOADS

6.1 INERTIAL LOADS AND ACOUSTIC LOADS

The mechanical load environment of the AMS secondary structures with a mass less than 227 kg (for
launch, on-orbit etc) is stated in AD1.

These load factors are to be applied in any axis with a load factor of 25% of the primary load in the
orthogonal directions.

The limit loads with respect to the structure mass are listed in table

Weight [kg] Limit Load Factor LLF [g]
<9 40
9-23 31
23-45 22
45-91 17
91-227 13

Table 6-1: Design Limit Load Factors for small secondary

structures

The AD1 specifies to superimpose to the inertial loads an additional acceleration of 12 g on the Zenith
Radiator surface that is a potential acoustic receiver (low mass to area ratio).
The following table summarizes this combined load cases:
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Load Case | X DIRECTION [g] | Y DIRECTION [g] | Z DIRECTION [g]
1 +31 +7.75 +19.75
2 +31 +7.75 -19.75
3 +31 -7.75 +19.75
4 +31 -7.75 -19.75
5 -31 +7.75 +19.75
6 -31 +7.75 -19.75
7 =31 -1.75 +19.75
8 -31 -7.75 -19.75
9 +7.75 +31 +19.75

10 +7.75 +31 ~19.75
11 +7.75 -31 +19.75
12 +7.75 -31 -19.75
13 -7.75 +31 +19.75
14 -7.75 +31 -19.75
15 -7.75 -31 +19.75
16 -7.75 -31 -19.75
17 +7.75 +7.75 +43
18 +7.75 +7.75 -43
19 +7.75 -7.75 +43
20 +7.75 -71.75 -43
21 -7.75 +7.75 +43
22 -7.75 +7.75 -43
23 -71.75 -7.75 +43
24 -7.75 -7.75 -43
Table 6-2: Inertial and Acoustic loads for CRYO TCS Zenith Radiator and VSB
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6.2 EVALOADS

The extravehicutar activity (EVA) loads have been considered according to RD 3, RD 14 and RD 15.
In particular an inadvertent kick/bump force of 556 N has been applied over a 1/2 inch diameter circular area
perpendicular to the radiator panel area.

The following table and figure shows the load case entity and positions.

Load Case Force [N]
25 556
26 556
27 556
28 556
Table 6-3: EVA Loads for Zenith Radiator

LC 28

Lcos G277 w

Figure 6-1: EVA Load Cases on Zenith Radiator
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6.3

THERMOELASTIC LOADS

According to RD11 the worst condition for the CRYO TCS Zenith radiator from the structural point of
view is the AMS power off. This condition provides the highest temperature gradient between Zenith

Radiator and TRD.

During this condition the Zenith radiator panei is cooled down to -124°C, while the elements below the

radiator panel (i.e.: stiff bracket, Z-Bracket, spokes) have a linear gradient from -17°C (TRD temperature
during power off) to -124°C at radiator I/F.
The following table and figure show the temperatures for each CRYQO TCS Zenith Radiator and VSB FE
model obtained from the thermal analysis.

LC ITEM TEMPERATURE [K]
Zenith radiator panel 149
LHP Condenser Line 149
Bimetallic support bkt 149
Z-BKT Temperature linear gradient
from 256 K to 149 K
Stiff BKT Temperature linear gradient
from 256 K to 149 K
29 GPS antenna support Temperature linear gradient

from 256 K to 149 K

LHP transport lines

Temperature gradient as shown
in the Figure 6-2

COVER)

LHP/TRD BKT 200
LHP VSB STAND OFF AND 242
BKT

VSB (VC I/F, BODY AND 242

Table 6-4: Thermo elastic load case

MSC Patran 2005 r2 21-Mar-06 18 6641
Scalar Temperature Temperature Plot <

i |

v

2 644002. ‘
253+002

2 43+0021

2352+00
222400
212+002]
201+002]
1.91+002]

1 80+002]
1.70+002) I
1 59+Q0

1 49+00:

Figure 6-2: Temperature distribution on LHP transport lines during the AMS power off
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7. TCS RADIATORS DIMENSIONING RULES
7.1 SAFETY FACTORS
CRYO TCS system and VSB has to show positive MoS applying the following SF (see AD 1):
SAFETY FACTORS Yleld Ultimate
Moetallic structures 1.25 2.0
Non metallic structures NA 2.0
Fasteners (Nominal) 1.25 2.0
Joint separation 1.2 NA
Jolnts fitting factor 1.15 1.15
Buckling NA 20
Fasteners (Fail safe) NA 1.0
Tested structure NA 1.5
Table 7-1: Safety Factors for sfructure
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7.2 MARGINS OF SAFETY FOR STRUCTURE
The MoS is defined as:

o
MoSy = — 10 for the yield strength, and

SFy - OLoad
GU

MoS, = ———
v SFy - O ag

-1.0 for the ultimate strength, where:

oy the yield strength of the material,

oy the ultimate strength of the material,

SFy the safety factor for yield strength,

SFy, the safety factor for ultimate strength,

GLoad the maximum Von Mises equivalent stress due to external loads.

The MoS for stresses indicates the amount by which the allowable stress, defined by the material characteristics,
exceeds the actual stress due to the applied loads, taking into account the applicable SF, defined in Chapter 7.1 .
It is required that MoS are positive for all ioad cases, for all structural elements,

Additional MoS can be defined to evaluate margins for generic results.

A
A 40
MoS = SF B

= A allowable
s B actual value
= SF applicable safety faclor
It is required that Margins of Safety are positive for all load cases and operative conditions, for all elements.

For bolts verification dedicated MoS definition is provided in the exemplificative calculation of ANNEX 1,
For rivet verification the MoS definition is provided in the chapter 8.2.3

7.3 FAILURE INDEX FOR COMPOSITE STRUCTURE

The composite structure verification has been performed using the failure index approach.
The used failure index formulation is the TSAI WU:

TSAI WU Failure Index: fi=F, 0! +Fyol -F,(0,6,)+Fth + Fo, + Fyo,

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tultti i diritli sono riservali,
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1
Where: < £y = (f; .fr)
1
/N
= (fr fr)
1
be _?

F,=-05JF, - Fy

-

Since the failure indexes have a non-linear behavior the Safety Factor has to be included in the Load Cases: in
particular a SF=2 has to be applied to the load cases described in the chapter 6 to evaluate the failure index entity,

It is required that the composite structure Failure Indexes are fi <1 for all load cases and operative conditions, for
all elements.
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8. CRYO-TCS STRUCTURAL ANALYSIS FOR NOMINAL CONFIGURATION

For nominal configuration, the following analyses have been performed:
= 81 DYNAMIC ANALYSIS FOR NOMINAL CONFIGURATION
= 82 STATIC ANALYSIS FOR NOMINAL CONFIGURATION

8.1 DYNAMIC ANALYSIS FOR NOMINAL CONFIGURATION

In this section, results in terms of frequencies, mode shapes and effective masses are included.
A modal analysis up to 2000 Hz has been performed.

Following table shows the frequency with mass greater than 5%.

EFF. EFE) EFF. . . ,
MODE FREQ [Hz] MAst;( [Kg] MASS [Kgl | MASS [k "’M?AFS;O’IQL "‘M%’:SEOJ?'- "M%;O;Q‘-
6 50.40 1,933 0.104 0.008 5% 1% 1%
2 £8.57 0.096 2.065 0.035 1% 5% 1%
115 136.54 2.367 1.001 0.002 6% 3% 1%
116 136.54 2.367 1.091 0.002 8% 3% 1%
17 136.60 1,011 2.163 0.003 2% 5% 1%
18 136.62 0.953 2.024 0.004 2% 5% 1%
122 138.58 3.195 1.362 0.041 7% 3% 1%
123 138.58 3.195 1.362 0.041 7% 3% 1%
124 138.63 1.505 3.608 0.043 4% 8% 1%
125 138.66 1.525 3.577 0.046 4% 8% 1%
142 155.35 0.057 0.035 3.498 1% 1% 8%
145 155.98 0.078 0.019 4.103 1% 1% 10%
146 155.98 0.078 0.019 4.103 1% 1% 10%
147 156.32 0.017 0.091 3.638 1% 1% 8%
192 195.67 0.843 3,492 0.053 2% 8% 1%
193 195.57 0.843 3.492 0.053 2% 8% 1%
194 195.68 3.350 0.859 0.062 8% 2% 1%
195 195.94 2.876 0.678 0.065 7% 2% 1%

Table 8-1: CRYO-TCS natural frequencies above 5% of effective mass

In the next pages, figures show the shapes of the modes with effective mass greater than 5%.
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Figure 8-1: mode 6 at 50.40 Hz
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Figure 8-2: mode 21 at 68.57 Hz
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Figure 8-3: mode 115 at 136.54 Hz
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Figure 8-4. mode 116 at 136.54 Hz
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Figure 8-5: mode 117 at 136.60 Hz
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Figure 8-6: mode 118 at 136.62 Hz
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MEG Patran 2005 12 28-Mar-08 16.31 14
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Figure 8-7: mode 122 at 138.58 Hz

MSC Patran 2006 r2 28-Mar-08 16 31 B1
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Figure 8-8: mode 123 at 138.58 Hz
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MSC Patran 2005 r2 26-Mar-08 16 32 69
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Dafomr Defaull. Al Mode 124 Freq = V88 63. Egarvecions. Transi=wons,

defaull_Fnnge
Max 1 99+000 &Nd 100079
Min 0 @Nd 106843
defaull_Detormalion
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Figure 8-9: mode 124 at 138.63 Hz
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Figure 8-10: mode 125 at 138.66 Hz
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MEC Palran 2006 r2 26-Mar-08 16 34 21

Fange Defaull Al Made 142 Freq = 185 3B, Exgervectors, Trans!ational. Magnitude. (NON-LAYERED)
Deform Defautt, A1 Mode 142 Freq = 165 35, Eigerwectors, Translational,

defaull_Fnnge
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detaull_Deformalion
Max 4 03+000 @Nd 100088

Figure 8-11: mode 142 at 155.35 Hz
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Figure 8-12: mode 145 at 155.98 Hz
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MSC Patran 2005 r2 28-Mar-08 16 35 41
Fnnge. Defautt. Al'Mode 146 Freq = 155 98. Exjerwactors. Transiational. Magniude. (NON-LAYERED)
Detom Defautl, Al Mode 146 . Freq. = 165 88, Eganvectors, Translational.

detault_Fringe
Mz 3 81+000 @Nd 6387621
Min & @Nd 108943
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Figure 8-13: mode 146 at 155.98 Hz
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Figure 8-14: mode 147 af 156.32 Hz
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MSC Patran 2005 12 28-Mar-08 16 37 34

Frnge Defaull A1 Mode 192 Freg = 19567, Exgervectors. Transialional, Magnitude. (NON-LAYERED)
Detform Default, At Mode 1862 * Fraq = 195 BT, Eigerwectors. Translational,

« | detaui_Frnge
: i Max 2 00+000 N 6338082

Min 0 @Nd 106943
defaull_Defomation

Max & 00+000 GHd 6386082

Figure 8-15: mode 192 at 195.57 Hz

MEC Patran 2005 12 26-Mar-08 16 38 28

Fringe Defauil. Al Made 193 Freq = 185 57 Exgerweclors. Transkalonal, Magnitude. (NON-LAYERED)
Deform Defautt. A1 Mode 193 Freg = 196 B7, Eigerpecion; Tranklztonal

default_Fnnge
Max 2 00+000 @Nd 137038
Min 0 @Nd 106943
defautt_Deformation
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Figure 8-16: mode 193 at 195.57 Hz
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Frnge Defaull Al Mode 194 Freq = 198 68. Eigenvectors. Transfational. Magrutude. (NON-LAYERED)
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Min 0 @Nd 106943
defaull_Detormation
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defautl_Frnge
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Figure 8-17: mode 194 af 195.68 Hz
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Frge Defautt A1 Mode 196 Freq = 19594, Eigervedtors. Transtationa, Magnitude, (NON-LAYERED)
Delorm Defaull. Al Mods 195 Fraq = 185 84, Exjeiwerlors Translaiional

156+0

1 41+G0K

default_Frirnge
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Ma 1 65+000 @Nd 2921633

Figure 8-18: mode 195 at 195.94 Hz
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8.2 STATIC ANALYSIS FOR NOMINAL CONFIGURATION
In the following sections, static analysis results are described for nominal configuration.
Three different types of results are provided:
= 8.241 DISPLACEMENT ANALYSIS FOR NOMINAL CONFIGURATION

8.2.2 STRESS ANALYSIS FOR NOMINAL CONFIGURATION
= 823 JOINT ANALYSIS FOR NOMINAL CONFIGURATION

8.2.1 DISPLACEMENT ANALYSIS FOR NOMINAL CONFIGURATION

The worst condition is for NODE 2957790 for Load Case 10.
The resulting displacement is 1.94E-2 m.
Following figure shows displacements for this subcase.

MSC.Patran 2005 r2 28-Mar-08 17 02 36
Fringe SC10:+7.76X +31Y -18 762, Al Static Subcase. Displacements, Translafional. Magnitude, (NON-LAYERED)
Defarm® SC10 +7 76X +31Y -19 762, Al Static Subcase. Displacements, Translational, 1 76-00

default_Fringe .

-1 94-002 Max 1 94-002 @Nd 2857790

K Min 0. @Nd 106843
default_Deformation

Max 1.94-002 @Nd 2967790

Figure 8-19: Deformation — Load case 10
8.2.2 STRESS ANALYSIS FOR NOMINAL CONFIGURATION

For each safety critical item the stress contour and MoS calculation is shown in the next pages.
The structure is divided in the following items:
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Stiff Brackets

Gps Antenna Support
Zenith Radiator Panel (skin)
Zenith Radiator Panel (core)
LHP Condenser Line
Spokes

Bimetallic Support Bracket
LHP Transport Line

LHP TRD Bracket

VSB Support

LHP VSB Bracket

LHP VSB Stand-Off

LHP VSB3 Upper Bracket

For the CFRP and GFRP items reported below, Tsai-Wu failure index contour is presented:

s Z-Bracket
» VSB Cover
» VSB Body

Summary of stress analysis results are shown in paragraph 8.2.2.17 .
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8.2.21  STIFF BRACKETS

The worst condition is for ELEMENT 222620 for Load Case 29 at Layer Z2.
The resulting Von Mises stress is: fyy =215 MPa.
Following figures show stress distribution for this subcase.

MSC Patran 2008 12 27-Mar-08 12 21 .44 2 144008
Fringe Defautt. A1 :Static Subcase, Stress Tensor, von Mises, Maximum.2 of 19 layers
?5+005 2 D0+005.

‘ 14+008

B 604007

T1E+007E

5 B0

4 F4+00

29200

1 B0+L07

defautt_Frnnge
Mex 2 14+008 @Elm 2226201
Min 8 35+005 @ElIm 4690379.1

Figure 8-20: Stiff Bracket, Load Case 29, Layer Z2

Peak stress due to elements near bolts is not considered and bearing analysis is performed in chapier 8.2.3.2 .
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8.2.2.2 GPS ANTENNA SUPPORT

The worst condition is for ELEMENT 231239 for Load Case 29 at Layer Z1.
The resulting Von Mises stress is: fym = 190 MPa.
Following figures show stress distribution for this subcase.

MSC Patran 2006 r2 27-Mar-08 12 27 42 1 B0+005
Fringe. Default, Al ‘Stafic Subcase. Stress Tensor, . von Mises, At Z1
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§irdn sy

3 62+00
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default_Fringe .
Max 1 80+008 @Elm 231238 1
Min 2 12+006 @EIm 218034 1

Figure 8-21: Gps Antenna Support, Load Case 29, Layer Z1
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8.2.2.3

The worst condition is for ELEMENT 4593473 for Load Case 29 at Layer Z2.

ZENITH RADIATOR PANEL (SKIN)

The resulting Von Mises stress is: fyy = 108.5 MPa.
Following figure shows stress distribution for this subcase.

+

MSC Patran 2006 r2 01-Apr-08 10 33:10

5
e e

S S
St

/

=
RO ST
S oo,
T
e,

2 90+007

217+007
1 45+007
7 28+006
B 44+004
default_Fringe -

Max 1 08+008 @Elm 4593473 1
Min 6.44+004 @Elm 6463671

Figure 8-22: Zenith Radiator Panel (skin), Load Case 29, Layer Z2
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8.2.24  ZENITH RADIATOR PANEL (CORE)

The worst condition is for ELEMENT 1915634 for Load Case 25.
The resulting Maximum Shear stress is: fgy = 0.4 MPa.
Following figures show stress distribution for this subcase.

MSC Patran 2006 r2 28-Mar-08 1561 00
Fringe Default. Static Subcase, Stress Tensor, , Max Shear, (NON-LAYERED)

e \ defauft_Fringe -
Y Max 4+006 @Elm 1916634 1
Min 0. @EIm 1308632 1

Figure 8-23: Zenith Radiator Panel {core), Load Case 25
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8.2.25 LHP CONDENSER LINE

The worst condition is for ELEMENT 147026 for Load Case 29.
The resulting Maximum Combined stress is: fyc = 58.8 MPa.
Following figures show stress distribution for this subcase.

MSC.Patran 2006 r2 27-Mar-08 12 38 38

B B3+(07
Fringe Defautt, Al Statc Subcase, Bar Stresses, Maximum Combinad, . At Center

Pty
32+

4 76+00 T

421+007

8 BE-00T

==

308007

254400

1 884007

1 47+0a7

865+00
N 3.08+00

245400
default_Fringe :
Max b 88+007 @EIm 147026.1
Min -2.49+006 @Elm 4590340.1

Figure 8-24: LHP Condenser Line, Load Case 29

Peak stresses in bar elements due to rigid connection elements (RBE2) are not representative, therefore they are
not considered. However the obtained stress is high and the calculated Margins of Safety are negative (even
without the internal pressure contribution):

MoS, =-0.52
MoS,, =—0.19

This situation oceurs only for the thermoelastic load case, while for the inertial and EVA load the condenser line
shows positive margins.

In order to have a more realistic behaviour description a non-linear approach has been considered.

Questo documenio contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritli sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. Alf right raserved.




' AMSOZ _ TCS Doc N AMSTCS-TN-CGS-011

Ediz.: Data:
' jssue: 1 Date: 31/03/08
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina di
CARLO GAVAZZI SPACE SpA REPORT Pagne g4 9 200

8.2.2.5.1 LHP CONDENSER LINE NON LINEAR ANALYSIS RESULTS

The used material AI3103-O has been selected to have a flexible material able to follow complex routing and to
adapt its shape to the radiator skin surface. The following figure shows large plastic range of the selected material.

&

Al3103 H18
B B e Wt

Al3103 H16

Al3103 H14 |

145 |7~

125 =~ - === : B e At
AI3103 H12

T 10 fm————m—m—m ottt R
z
o AI31030 |
%

40

P
003 0.1 0.2 03

Strain
Figure 8-25 Al3103 behavior wrt the different hardness

For this reason a local yield of the condenser line is acceptable assuring the structural integrity of the pipelines at
ultimate load.

A non linear analysis has been performed on the condenser line part with the highest stress in order to obtain a
more realistic behaviour of the structure.

The following figure shows the detailed shell model implemented to analyze this part.
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RBE2 elements are used to
simulate the connection between
this pipeline part and remaining
condenser line parts.

They are used to apply to this
pipe part the boundary condition
taking from the CRYQO TCS
complete model during the
thermal load case.

Analysis coordinate system (the
same of the complete model}
Figure 8-26 Detailed condenser line shell model used to perform the non linear analysis
The AI3103 — O Nastran card used is shown in the following table.
. |MAT1 1 6.89+10 2.5+10 .33 2730, 2.17-5 293.15
NASTRAN CARD: | yars1 1 PLASTICZ. +8 1 1 3.547

Table 8-2: Al3103 - O in FE model for the non-linear analysis

The used load case is a superimpaosition of three different contributions:

*  Enforced Displacement resulting from the CRYO TCS complete model;

= The temperature load case applied to this condenser line part;
* The pipe internal pressure due fo propylene.

The following figures show the load cases entity.
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MSC Patran 2006 r2 31-Mar-08 1821 12 #2008 MSC Patran 2005 r2 31-Mar-08 18 21 31 e

Scalar Pressure Top Surf Pressure Piol Scalar Temperature Temperaiure Plol AT
1 72+00:

1 70+00
168400
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1 B5+00
1 B3+00.
1614002
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168+00 .
166+00
1 54+00)!
1 52400
1 51+00
149+00

328+006

Figure 8-27 Non linear load case entity. On left the enforced displacement, at center the internal pressure load and on
right the temperature load

In order to validate the model a linear analysis has been performed to this stand alone pipe using the described
combined load case and the obtained solution matched the results shown in the paragraph 8.2.2.5.

The ultimate Safety Factor (chapter 7.1 ) has been applied directly to the load case to allow the correct calculation
of Margin of Safety for the non-linear analysis.

The following figures show the loaded worst stress condition and both the unloaded residual stress and
displacement taking into account the load case with the Safety Factor.

The worst condition is for ELEMENT 2149723 for loaded configuration.
The resulting Maximum Combined stress is: fyc = 36.3 MPa.
Following figure shows stress distribution for this subcase.

363+00
3 45+00 7
327007k
308+00
291400
272400
25b+00
2 37+007
219400
201+00
183~00
1 85+00
S 147500
128400
1 11+00

g31+00
defautt_Fringe

Max 3 63+007 @EIm 21497241
Min 9.31+006 @Elm 2149643.1

Figure 8-28: LHP Condenser Line, loaded non-linear sclution
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The worst condition is for ELEMENT 2149728 for unloaded configuration (residual stress).

The resulting Maximum Combined stress is: fye = 37.4 MPa.
Following figure shows stress distribution for this subcase.,

MSC Patran 2006 r2 30-Mar-06 14 26740

+007

1

} 474006

TN

Frnge SC2 SCARICO. A1 Nordingar 200 ¢ of Load. Stress Tensor. . yon Mises. Maximum.2 of 2 layers

261+00
238400
2.16+00

163+00
170+00
148+00
1 25+00
103400
799400

default_Fnnge .
Max 3 74+007 @EIm 2143724 1
Min 3 47+006 @EIm 2149643.1

Figure 8-29: LHP Condenser Line, residual stress on pipe

The resulting maximum residual displacement is 1.58E-5 m.
Following figure shows displacements for this subcase,

MSC Palren 2005 r2 30-Mar-0B 14 28 42
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Fringe SC2 SCARICO. A1 Nondinear 200 24 of Load, Displacements, Transiational, Magnitude, (NON-LAYERED)

defauli_Frnge
Max 1 68-005 @Nd 7228193
Min 5 83-010 @Nd 7228132

Figure 8-30: LHP Condenser Line, residual deformation
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8.2.26 SPOKES

The worst condition is for ELEMENT 4587469 for Load Case 29.
The resulting Maximum Combined stress is: fyc = 328 MPa.
Following figures show stress distribution for this subcase.

MSC Patran 2006 r2 27-Mar-08 12:39:62
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Figure 8-31. Spokes, Load Case 29
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8.2.2.7 BIMETALLIC SUPPORT BRACKETS

The worst condition is for ELEMENT 311061 for Load Case 29 at Layer Z1.
The resulting Von Mises stress is: fyy = 38.8 MPa.
Following figures show stress distribution for this subcase.

MSC Pairan 2005 r2 27-Mar-08 12-47-49 3 858+00

Fnnge. Defautt. A1 Stafic Subcase. Stress Tensor. . von Mises, Maxmum,2 of 18 layers

363+00
Ll

3374007
311007
2 BE+00T

2 34+007

®
Q0ng

1 4 2074007

default_Frnge
Max 3.88+007 @EIm 311061 .1
Min 2 08-007 @EIm 311079 1

Figure 8-32: Bimetallic Support Bracket, Load Case 29, Layer Z1
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8.2.2.8 LHP TRANSPORT LINE
The worst condition is for ELEMENT 74548 for Load Case 29.
The resulting Maximum Combined stress is: fuc = 614 MPa.
Following figures show stress distribution for this subcase.
MSC Paitran 2006 r2 27-Mar-08 126101 APy
Fringe Default. A1 -Static Subcase. Bar Stresses. Maximum Combined, , At Center
5 53+005}
4 32400
431+008__|
3714008,
i 48+007 3104008
2 49+008
1 86+008
+
128+008
8 67+007
5 07+006
I-\[,J‘ -6 484007
default_Fringe
Max 6 14+008 @Elm 74548 1
Mit1 -5 48+007 @EIm 2160029 1 |

Figure 8-33: LHP Transport Line, Load Case 29

The MoS are negative both at yield and ultimate {(even without the internal pressure contribution).

MoS, =-0.6]
MoS,, =-0.55

As for the condenser, the LHP transport lines are very flexible and they have a low vield allowable stress in order to
guarantee an high ductility since they have to be bended to follow complex and curved routing.
For this reason a partial yield of the pipeline can be acceptable.
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Since the ultimate MoS entity is strongly higher than the condenser line a simple non-linear analysis has been
considered not enough to verify the LHP transpori line structural integrity wrt a cyclic load case (i.e.: the AMS
power-off can occur 5 times per year), therefore a verification by test has been performed (RD 16 and RD 17).

As shown in the Figure 8-33 the maximum stress is located to the highest part of the pipeline in the middle between
the upper TRD bracket and the bimetallic support bracket. The following figure shows the LHP transport line
displacement in this area.

MSC Patran 2006 r2 08-Feb-08 16 50 52
Fnnge Default, >t Displacemerits, Translational, Magnituds, (NON-LAYERED)

- *— ___ Bi-metallic

support

LHP TRD Upper
Bracket

/ default_Fringe

Max 353-003 @Nd 106702
Min 0 @Nd 138144

Figure 8-34: LHP Transport Line maximum displacement

In particular the pipe length between the upper TRD bracket and the bimetallic support bracket is 150 mm, while the
maximum stress is at 75 mm far from the upper TRD bracket. For this reason a 75 mm specimen length has been
considered, as representative of minimum free length of the pipe.

The maximum displacement on the vapour fine is 3.5 mm, therefore a safety factor of 3 (~10.5 mm) has been
applied to be conservative, the pressure contribution is negligible wrt the test load case (the additional stress due to
the internal pressure of 13 bar is in the order of magnitude of 5 MPa). A complete test setup and procedure
description is provided in RD 16.

The LHP transport line bending test has been performed successfully {(RD 17), therefore the pipe structural integrity
has been verified by test under applicable load.

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




N° Doc:
Docne AMSTCS-TN-CGS-011

carss amee AMS02 - TCS |

Data:
v Issue: 1 Date: 31/03/08
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina 89 di 200
CARLO GAVAZZ| SPACE SpA REPORT Page of

8.229 LHP TRD BRACKETS

The worst condition is for ELEMENT 112343 for Load Case 29 at Layer Z2.
The resulting Von Mises stress is: fyy = 49.3 MPa.
Following figure shows stress distribution for this subcase.

MSC Patran 2006 r2 27-Mar-08 14 43 49 493007
Fringe- Defauft, A1 Static Subcase. Stress Tensor, . von Mises, Maximum.2 of 19 jayars 460007
427007
o SR 2.95+00 ?_{
e
93+007
329400
2 96+ D071
+
2 B4=007

231+
1 68«00 7]
1.EG=00

1:33+00

defauft_Fringe -
Max 4 93+007 @Elm 112343 1
Min 1 59+006 @EIm 4689767 .1

Figure 8-35: LHP TRD Brackets, Load Case 29, Layer Z2

The stress contour for the TRD brackets is introduced for the ones that connect the LHP line of the VSB1 structure.
A stress on brackets for this line is more representative of real assembly due to the presence of the vertical support
beam structure. The brackets of the opposite line are omitted.
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8.2.2.10 VSB SUPPORT

The worst condition is for ELEMENT 2082931 for Load Case 10 at Layer Z1.
The resulting Von Mises stress is: fyy = 107 MPa.

MSC Patran 2006 r2 28-Mar-08 11.36 01 1 07+00
Frnge SC10 +7 76X +31Y -19.762, Al Static Subcase. Stress Tensor. . von Mises, At Z1

1 00+00

G7+0 S30+00

& 52+007

TEEHOD

7164007

B d5+00

B 74400

5 03+00

4 324007

361400

2 0000

2 18+00

1 45+00

784400

32+005
¥

L defauft_Fringe

B32+00E

Max 1 07+008 @EIm 2082931.1
Min b 32+005 @Elm 2081020 1

Figure 8-36: VSB Support, Load Case 10, Layer Z1

Peak stress due to elements near bolts is not considered and bearing analysis is performed in chapter 8.2.3.6 .

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.




" N o%  AMSTCS-TN-CGS-011
ComLO oaexn AM 802 - TCS Ediz.: 1 Dala: 31/03/08
v Issus: Date:
CRYQ TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina di
CARLO GAVAZZI SPACE SpA REPORT page 91 of 200

8.2.2.11 LHP VSB BRACKET

The worst condition for skin is on WAKE Radiator for ELEMENT 2079546 for Load Case 29 at Layer Z1.
The resulting Von Mises stress is: fyy = 64.9 MPa.

MSC Patran 2006 r2 28-Mar-08 11 57 44 6 48+007
Fnnge Default, A1 Static Subcase. Stress Tensor. . von Mises. Maximum.2 of 19 layers

%moy 5 62+007).

99+004

8 B9+ 006k

4 37+006

4.99+004

default_Fringe -
Max 6 49+007 @Elm 2079646 1
Min 4 99+004 @EIm 2079301 1

Figure 8-37: LHP VSB Brackel, Load Case 29, Layer 1

Peak stress due to elements near bolts is not considered and bearing analysis is performed in chapter 8.2.3.7 .

The peak of stress shown in Figure 8-37 seems unrealistically high. An alternative method (RD 13 sect 10.11) has
been considered to evaluate the correct stress applied to the bracket.
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The interface loads between the tube of the LHP and the flange of the bracket are obtained with the freebody
Patran tool and shown in following figure.

FREEBODY LOADS
(Node,2826340,2826349,26826361,2826372)
(EIm,2079480,2079481,2079483,2079484,2079489.2078490.2079492, 2079493, 2079501,
2079502,2079504.2079505,2079507,2079508,2079512,2079513)
X
free
/]
> 1 free
conslrained a
used for forpe exiraclion b
APPLIED LOADS _—
constrained Y
F,=36.2N
F,=-36.02 N
F,=-1524.95 N
Figure 8-38: LHP VSB Bracket analysis
The geometric properties of the flange are reported in table below:
a b Thickness Area
[m} [m] al [m] fm?)
0.016 0.071 0.22 0.01 0.0011

Table 8-3: flange dimension
The flange is considered as a rectangular plate with two adjacent edges fixed and two remaining edges free.
The resulting uniform load acting normal to the flange is calculated as:
g=F,[4=138MPu

The maximum stress calculated on the flange (corresponding to location X =0 and Y = a) is:

_ b2 I Peek Ftu = 110 MPa j
o =PI 16 03mPa > MS = 2.43
£ l SFu=2 ]

Where B, is obtained from table here summarized {RD 13).

afb B
0.125 (.05
0.22 0.23028
0.28 0.353

Table 8-4: 3 factor
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8.2.2.12 LHP VSB STAND-OFF

The worst condition is for ELEMENT 2185891 for Load Case 29 at Layer Z2.
The resulting Von Mises stress is: fyy = 33.4 MPa.
Following figure shows stress distribution for this subcase.

MSC Patran 2005 12 27-Mar-08 15 32 01
Fnnge Default Al Stalic Subcase. Stress Tensor. . von Mises. Al 22

8 30+008
B 53+006)
4 aB+00
2Z3+n0g_
1 EF00E _!
defautt_Fnnge

Max 3 34+007 @EIm 2186891 |
Min 1 57+003 &Elm 2186812 1

Figure 8-39: LHP VSB Stand-Off, Load Case 29,

Layer 22
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8.2.213 LHP VSB3 UPPER BRACKET

The worst condition is for ELEMENT 4608106 for Load Case 29 at Layer Z1.
The resulting maximum Von Mises stress is: fyy = 18.5 MPa.
Following figure shows stress distribution for this subcase.

MSC.Patran 2006 r2 27-Mar-08 16.33 41
Finge: Default, Al Static Subcase, Stress Tensor. . yon Mises, Ai 21

1 BB=00
1 72=007

1 600070

6 29+ 004

& Q7+ 0

2 04+005

default_Fnnge
Max 1 85+007 @Elm 4608106.1
Pir 204+ 005 & Ejm 4607831 1

Figure 8-40: LHP VSB3 Upper Bracket, Load Case 29, Layer Z1
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8.2.214 Z-BRACKET

The worst condition is for ELEMENT 2065196 for Load Case 1.
The resulting failure index for is: Fl = 0.68.
Following figure shows FI distribution for this subcase.

MSC Patran 2005 12 27-Mar-08 10 4104 6 84-001
Fringe' Defautt. Static Subcase. Failure Indices, Maximum Intkees, , (NON-LAYERED)

il

FEEO0R_

defauli_Frnge
Max 6.84-001 @EIm 2065196 1
Min 7.88-003 @Elm 2065126 1

Figure 8-41; Z-Bracket, Load Case 1

Peak stress due to elements near bolts is not considered and bearing analysis is performed in chapter 8.2.3.1.
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8.2.215 VSB COVER
The worst condition is for ELEMENT 2083354 for Load Case 11.
The resulting failure index for is: Fl = 0.40.
Following figure shows FI distribution for this subcase.
MSC Pairan 2005 r2 27-Mar-08 1049 63 401001
Fnnge +7.76X-31Y +18 752, Static Subcase. Faiure Indices, Maximum Indices. , (NON-LAXERE iR
5 Tl
347007
3214007
284001
0”‘
-""::5:';::104‘::‘-}", el 267001 '
- 2 41001
3 2 14001

187+

1 G000

1240001

107001

8 0200

defauli_Fringe .
Max 4 01-001 @EIm 2083354 1
Min 6 48-006 @EIm 2076674 1

Figure 8-42: VSB Cover, Load Case 11
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8.2.216 VSB BODY

The worst condition is for ELEMENT 2083294 for Load Case 29.
The resulting failure index for is: Fl = 0.64.
Following figure shows FI distribution for this subcase.

MSC Patran 2005 r2 26-Mar-08 15 41 54 B &5-001
Frnge: Default. Staiic Subcase. Falure Indices. Maximum Indices. , (NON-LAYERED) &
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8000
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1 68001
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Figure 8-43: VSB Body, Load Case 29
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8.2.3 JOINT ANALYSIS FOR NOMINAL CONFIGURATION
The analysis of the joints shall be divided in different kinds of connections:
TORQUE TORQUE
JOINT DESCRIPTION MATERIAL BOLT TYPE RANGE RANGE AN:AL(::IS
[Nm) [1bf In]

Joint1a | Z-BRACKET/ RADIATOR | A266 - 160 ksi | NAS1351N3 40-45 | 350-400 103
Jolnt 1b Z-BRACKET/TRD | A286—160ksi | NAS1351C4LE12| 3.8-45 | 34.0-400 103
Joint2a | STIFF BKT/RADIATOR | A286- 160 ksi | NAS1351N4-16 | 9.0-107 | 80.0-95.0 108
Joint 2b STIFF BKT/TRD A286 - 160 ksi | NAS1351N4LE12| 8.8-107 | 78.0-95.0 108

TT6Al4y | SPOKES UPPER
Jolnt3a | SPOKES/RADIATOR _ ROD END 47-51 | 42.0-450 114

150 ksi 0

0.19"-32
SPOKES

Ti 6AI 4V
Joint 3b SPOKES/TRD oA LOWERROD | 45 108 | 96.0-96.0 114

150 ksi END

0.25"-28 x 1.0" L
GPS ANTENNA .
Jolnt 4 SUPPORTHRD A286 - 160 ksi | NAS1351N4LE12| 87-107 | 77.0-950 118
GPS ANTENNA/GPS
Joints | S e A2-70 DIN 965 M3x16 | 0.4-05 3.6-4.0 122
Joint6 | VSB-VACUUM CASE | A286-80ksi | NAS1351 C6-20 | 14.0 —17.0 |125.0 - 150.0 125
Joint7 | V5B BODE;(’TLHP VSB | A2e6-80ksi | NAS1351C08-6 | 14-15 | 10.0-13.0 128
VSB SUPPORTS/ LHP
Jolnt 8 Phdsealid A2-70 DIN912M5x12 | 19-23 | 17.0-200 131
Joint9 | VSB BODY/VSB COVER | A286-80ksi | NAS1351C3-8 2.0 -2.1 18.0 - 19.0 134
BIMETALLIC SUPPORT .

Joint 10 Mgt A286 - 160 ksi | NAS1351N3LE12| 4.0-45 | 350-40.0 137
Joint11 | VSB sugggsTSN SB A286 CR3522-5-05 N.A. N.A. 140

Table 8-7: Verified joint for nominal configuration
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Also Fail Safe analysis of bolts has been performed for the following joints:

+« Joint1a Z-BRACKET/ RADIATOR

e Joint 1b Z-BRACKET/TRD

e Joint 2a STIFF BKT/RADIATOR

e Joint 2b STIFF BKT/TRD JOINT

e Joint4 GPS ANTENNA SUPPORT/TRD

e Joint5 GPS ANTENNA/GPS ANTENNA SUPPORT
» Joint 6 VSB - VACUUM CASE

e Joint7 VSB BODY / LHP VSB BKT

» Joint8 VSB SUPPORTS/ LHP VSB STAND-OFF
e Joint9 VSB BODY/VSB COVER

s+ Joint 10 BIMETALLIC SUPPORT BKT/RADIATOR
s Joint 11 V5B SUPPORTS/VSB BODY

Presented results are the worst case scenario on CRYQ TCS Zenith radiators and VSB.

Summary of joint analysis results for nominal configuration are shown in paragraph 8.2.3.12 .
Summary of joint analysis results for Fail Safe configuration are shown in paragraph 9.2.4.12 .

For the bolt analysis, the MATHCAD template files "bolts_inserts_RevC.mcd" and “bolts_nuts_RevC.mecd’b are
used. The joint 01A and 06 analyses are shown in ANNEX 1 for example.
Since these files consider only one bolt load condition at a time, it has not been possible to perform the analyses for
each bolt and for each load condition.
Hence, the following procedure has been considered, both for the nominal configuration and for the fail safe ones:
A. analysis with the max axial tension (positive) load
B. analysis with the max shear load
C. analysis with the max combined load, in accordance with the formula shown in RD 4, para D1.8 “Bolts
in Combined Shear and Tension”, page D1.3, formula D1.1.

For the rivet analysis the following MoS calculation has been performed:

MoS F, -TDF 10
0 = —1.
! SFU ' FF : FMax

Fy the uitimate strength of the rivet (force value according to RD12);

TDF, Temperature Degradation Factor (according to bolt verification 0.94);
SFy the safety factor for ultimate strength;

FF fitting factor;

Fuex the Maximum Force acting on the rivet due to external loads.

- Quesio documento contiene informagzioni di proprietd di CARLO GAVAZZ| SPACE SpA. Tulli i diritli sono riservati.
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The MoS definition for bolts analysis is reported in the next table.

MoS DESCRIPTION

MS 1 Margin of Safety for separation

MS 2 Margin of Safety for direct tension ultimate
MS3 Margin of Safety for direct tension yield

MS 4 Margin of Safety for total tension ultimate
MS 5 Margin of Safety for total tension yield
MS6 Margin of Safety for direct thread shear ultimate
MS 7 Margin of Safety for total thread shear ultimate
mMSB Margin of Safety for shear ultimate

MS9 Margin of Safety for bending ultimate
MS 10 Margin of Safety for shear, tension and bending ultimate
MS 11 Margin of Safety for insert

Table 8-8: MoS definition for bolt analysis

For all bolts the following safety factors and temperatures have been used:

= Ultimate Safety Factor 2.0

»  Yield Safety Factor 1.256

= Joint Fitting Factor 1.15

*  Ultimate safety factor for tested inserts 1.5

* Ultimate Safety Factor in fail safe configuration 1.0

= Assembly temperature 68°F (20°C)
=  Max temperature 122°F {50°)

= Minimum temperature 32°F  (0.°C)

Moreover main and tracker radiator inserts have been verified.

Questo documente contiene informazioni di proprietad di CARLO GAVAZZI SPACE SpA. Tutti i dirilti sono riservati.
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8.2.3.1  JOINT 1: Z-BRACKET (NOMINAL CONF.)

Z Bracket joint1a and joint 1a are NAS 1351N3 bolts made of stainless steel A286-160 ksi
Z Bracket joint1a and joint 1b are NAS1351C4LE12 bolts made of stainless steel A286-160 ksi

Next images show the bolts location.

Joint 1a

Joint 2a

Figure 8-44: Joint 1a on Zenith Radiator
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Next images show the forces on Joint 1a bolts (worst cases).
WSC Patran 2308 21-ver-08 185310 J '
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Mz . 4 41+002 @Eim 213905
M 1 264002 &Eim 215903

Figure 8-45: Forces on JOINT 1a Max Axial — Load case 08

MSC Fevan 2005 21-Mar-03 1554 27
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! default_vVector
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Figure 8-46. Forces on JOINT 1a — Max Shear and combined — Load case 29

In the following table input and output data are shown.
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JUNCTION PROPERTIES LU TS

JEMP FACTOR FOR ULTIMETE STRENGHT 0Es

BOLT NAS1351N3-18 —_TEMF FACTOR FOR YIELD STRENGHT L)

WASHER 1 NASZE0CIOL TENSILE ALLOWABLE STRESS [ksi] 60

—_— e e XIELD TENSILE ALL OWABLE STRESS [xs ] I

WASHER 2 NA €N FACTOR FOR HODULUS Gox
NUT MS2106043 L MDOULUS OF ELASTICITY [ka] 29100

INSERT NA THERMAL COEFF - HOT [1E{-Blrdug)] na

L THERMAL COEFF - SOLD [1E(-6]idug] il

Nlljh:‘s::; (I:l.:’FFm%EES l\; INSERT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT N~ |
LUBRICATED NO LILTIMATE TENSILE ALLOWABLE STRESS [ksi] [ ]
FLANGE 1 NAME 2 BKT NUT MATERIAL PROPERTY DATA

FLANGE 1 MATERIAL GERP TEMF FAGTOR FOR UL TIMATE STRENGHT 053
—— TEWYILE UL TIMATE ALL OWAELE STRESS fpar] GB00C

FLANGE 1 MATERIAL SPEC LLTMATE AXIAL LOAD (1b] T

FLANGE 1 THICKNESS [In] 0.157 —

FLANGE 1 HOLE DIAMETER [In] 0185 WASHER MATERIAL PROPERTY DATA :

FLANGE 2 NAME RADIATOR IIF
FLANGE 2 MATERIAL AL 7075 T7351 MODULUS OF ELASTICHTY [kal] 20100
FLANGE 2 MATERIAL SPEC FLANGE WMATERIAL PROPERTY DATA
FLANGE 2 THICKNESS {in] 0.354 TEMP FACTOR FOR MODULUS OF FLANGE 1 [
=TER JEMPF PAGTOR FOR MODULUS OF FLANGE 2 [
|_FLANGE 2 HOLE DIAMETER [In] 0.195 TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 7 T
NOMINAL CONFIGURATION BOLT] [ ULTIMATE BHEAR ALLOWABLE STRESS GF FLANGE 2 [psi] TTe5s 57
LOADS MODULUS OF ELASTICITY FOR FLANGE 1 [ksi] BC50
HODULUS GF ELASTICITY FOR FLANGE 2 [ksi] 10500
MAX AXIAL - CONFIGURATION 1D NOMINAL +———THERMWAL GOEFF OF FLANGE 1. HOT [1E[-Elasg] 3
T M EFF OF FLANGE 1 - COLD [1E[-6})dn, 1 [

MAX AXIAL - ELEMENT ID 213905 THERMAL COEFF OF FLANGE 2 - HG [15(.51“.,5 [FE)
MAX AXIAL - LOAD CASE ID 8 THERMAL COEFF OF FLANGE Z - COLD [1E{-6)dsg] [T
MAX AXIAL - AXIAL LOAD {N] 126.5 |——SLTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 psi] £600D

. YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [psil Ty

"A“x":x::':' s.':éuozg"g [N] 4248144 ULTIMATE BEARING AL LOWABLE STRESS FOR FLANGE 2 (] it2cce

2 - YIELD BEARING AL GWABLE STRESS FOR FLANGE 2 |psi) Te00
max axlal - shoar foad [Ib]_ 99.2 TORGUE AND PRELOAD DATA
MAX SHEAR - CONFIGURATION ID NOMINAL WAX TORQUE [b in] 400
MAX SHEAR - ELEMENT 10 4590380 max torquo [ m] 35
MAX SHEAR - LOAD CASE (D 29 M TORQUE [y 1] 20
rin torgue [N m: &0

MAX SHEAR - AXIAL LOAD [N} 182.8 COEFFICIENT OF UTILIZATION [%] 72 035

miax shear - axlal load [Ib} 411 LADING PLANE FACTGR 05

MAX SHEAR - SHEAR LOAD [N] 1281.7 FRELOAD UNCETRAINTY 0z5

max shear - shear load [Ib] 288 1 — IORQUE COEFFICIENT LR

[ MAX COMBINED - CONFIGURATION 1D NOMINAL e T,

MAX COMBINED - ELEMENT ID — MQS GAICULATION - CONFIGURATION 1B RO
MAX COMBINED - LOAD CASE ID JOINT SEPARATION 935 (& SHEAR
MAX COMBINED - AXIAL LOAD [N] DNRECT TENSION ULTIMATE 2763 (MAn SHEAR

mak combined - axial lond [Ib SAMEIASIMAXIS HEAR: CIRECT TENSIGN YIELD W B {IAE R su_mj

TCTAL TENSION UL TIMATE 4 68 (WAX BHEAR)
MAX COMBINED - SHEAR LOAD [N TOTAL TENSION YIELD 37 IhiAR FRiEL)
max combined - shear load [ib] DIRECT THREAD SHEAR ULTIMATE 95 7L (MAX SHEWR)
TOTAL THREAD SHEAR ULTIMATE 1 3E WAY BHEARL
M — SHEAR ULTIMATE 130 [MAX EHEAR?
THICKNESS OF WASHER [in] 0.032 BENDING ULTIMATE ST
OUTER DIAMETER OF WASHER [in] 0.384 COMBINED AHEAR, TEHSION AND BENDNG UL HHATE 003 [MAX SHE ARy
NOMINAL CONFIGURATION MINIMUM MOS 037
INNER DIAMETER OF WASHER [In] 0 185 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 0¢3
ik NOMINAL CONFIGURATION
BOLT HEAD DIAMETER [in] 0.43 HMARGING FOR BEARRIG FLANGES
FLANGE DATA FLANGE 1. BEARING ULTIMATE 705
— FLANGE 7 - BEARING YIELD M,
HICK OF FLANGE 1 [In) 0.157 FLANGE 2 - BEARING ULTIMATE 052
HICK OF FLANGE 2 {In] 0394 FEANGE 7 - BEARING YIELD 17 bn
CHAMETER OF HOLE [in] 0 195 NOMINAL CONFIGURATION MINIMUM KOS FLANGE 1 EE&RING ULTIMATE

Table 8-9: JOINT 1a ~ nominal configuration
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Next images show the forces on Joint 1b bolts (worst cases).
M5C Patran 2015 21-hme00 14 5902
Yoty SC14-3 2614314 19757 A1 Stebe Sebraup Contvan Fprcee, Travslstanel (NCNAAYERED) 8 A6 {021
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Figure 8-47: Forces on JOINT 1b — Max Axial and combined — Load case 14

MSCF atran 20 254003 104 52
Vector Defaull Al Steve S.bcase Constrant Forces. Translohons! (NON-LAYEREDY

=00

1 S
I
!
My

GRL Y

6 26+00;

€ 05400,
gdetauft_vecor

Ma 814002 @ha 2300400

Min 6 06-002 @GN 2320425

Figure 8-48: Forces on JOINT 1b - Max Shear — Load case 01

In the following table input and output data are shown.
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JUNGTION PROPERTIES BOLT MATERIAL PROPERTY DATA
JEMP FACTOR FOR SLTIMATE STRENOHT T
BOLT NAS1351N3LE1D TEMP FACTOR FOR YIELD BTRENQHT o4
WASHER 1 NASE:’_OCWL_ ULTIHATE TENB‘LEALLﬂgLE STRESS [hel) 180
e 110
WASHER'2 B TEMP FAGTOR FORMOOULLD oot
NUT NA MODULUS OF ELASTICITY |kl 20100
INSERT ME§21208 F4-15L —MH CCOOEEFFFF c’:,_'n " L :;
N::f:g; gf: ';m%is z TNEERT MATERIAL PROPERTY DATA
JEM! 1 1
LUBRICATED NO ULTIIATETENSILEALLO\’MBLE STREB [kn) 150 ]
FLANGE 1 NAME Z BKT NUT MATERIAL PROPERTY DATA _
FLANGE 1 MATERIAL GFRP TEMF FACTOR FOR ULTIMATE STRENGHT N&
T
FLANGE 1 MATERIAL SPEC T A =
FLANGE 1 THICKNESS [in] 0.157 —
FLANGE 1 HOLE DIAMETER [in] 031 WASHER MATERIAL PROPERTY DATA
FLANGE 2 NAME TRD TEMP FACTOA FOR MODLULUS 1
FLANGE 2 MATERIAL AL 7075 T7351 MODULUS OF ELASTIGITY [kal] %100
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROPERTY DATA
FLANGE 2 THICKNESS [in] 0.2685 T i T
TEMP FACTOR FOR MODU FLANGE 2 1
FLANGE 2 HOLE DIAMETER [In 0.21 TEWP FACTOH FOR ULTIMATE ATRENGHT OF FLANOE 3 OB
NOMINAL CONFIGURATION BOL { ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [pai] 3709 £
LOADS MORYLUS OF ELASIICIII FOR FLANGE 1 fka 5 QDE+ 03
MODULUS OF ELASTICITY FOR FLANGE 2 Jhat] 1 OSE+Dd
MAX AXIAL - CONFIGURATION ID NOMINAL { THERMAL CORFF OF FLANOE 1- HOT [\E[-6ideg] ©
MAX AXIAL - ELEMENT ID 8400749 o TLANDE 1 COLDIIEE e =
MAX AXIAL - LOAD CASE ID 14 I’HERHALGOEFF OF FLANQE 2. COLD J1E{-8)/dag] 1215
MAX AXIAL « AXIAL LOAD [N] 946.4 JIM, STRESA FO 1 06050
max axial - axial laad [lb] 190.3 EARING A1 Owibie STHCeS FOR FLANOE 3
MAX AXIAL - SHEAR LOAD [N 5714 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGEﬂEl] 102000
2 —LL YIELD BEARING ALLOWABLE STRESS FOR FLANOE 2Ip3l) ToC00
max axial - shear load [Ib} 128_5 TORQUE AND PRELOAD DATA
MAX SHEAR - CONFIGURATION ID NOMINAL WAX TORGUE [ in] ]
MAX SHEAR - ELEMENT (D 2329425 M 45
MAX SHEAR - LOAD CASE ID 1 S — T 2o
MAX SHEAR - AXIAL LOAD [N} 8314 COEFFICIENT OF UTILIZATION [%] 73 008
max shear - axlal load [Ib] 186.9 LADING PLANE FACTOR 5
MAX SHEAR - SHEAR LOAD [N] 808 2 PRELOAD UNCETRAINTY 0325
max shear - shear load {Ib] 136.3 = S OROUE DOEERCIENTEES S —= Dits
MAX COMBINED - CONFIGURATION (D NOMINAL M%lmumm S
MAX COMBINED - ELEMENT 1D = MCS CALCULATION - CONFIGURATION 10 — NOMRAL
MAX COMBINED - LOAD CASE ID JOINT SEFARATION 1 28 (MAX AXIAL)
MAX COMBINED - AXiAL LOAD [N] SAME A5 max axial | | — — PARECT TEWSION ULTIMATE A7 (WAX AXIALY
tax combined « axial load [ib] L DIRECT TENJION YIELD 28 (MAX ANIAL]
MAX COMBINED - SHEAR LOAD {N] IO TE o LAt e
i
1 fhax cembined - shear load [Ib] DIRECT THREAD SHEAR ULTIMATE T 87 (MAX AXIALY

WASHER DATA

TOTAL THREAD SHEAR ULFIMATE

1 48 (MAX ANIAL

— BHEAR ULTIMATE 405 (MAX SHEARY
THICKNESS OF WASHER [in] 0.032 BENDING ULTIMATE >10
OUTER DIAMETER OF WASHER [In 0.354 COMBIMED SHEAR, TENSION AND BENGING ULTIMATE [ OFD{MAXSHEART |
NOMINAL CONFIGURATION MINIMUM MOS 0374
INNER DIAMETER OF WASHER [in} 0.195 NOMINAL CONFIGURATION MINIMUM ULTIMATE MO$ 042
. mmmuumn
BOLT HEAD DIAMETER [in] 031 o T
i SRRt . 3 AEARING \q!l:.n Iy
] __LME__E_i
ATHICKIGRIECANGELI[In] D 157 FLANGE 2 - BEARING ULTIMATE T8 an
THICK CF FLANGE 2 [in] 0285 FLANGE 2. BEARING YIELD 2314
DIAMETER OF HOLE [in] 0.21 NOMINAL CONFIGURATION MININUM MOS FLANGE 1 - BEARING ULTiMATE

Table 8-10: JOINT 1b — nominal configuration
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8.2.3.2  JOINT 2: STIFF BRACKET (NOMINAL CONF.}

Stiff bracket/Radiator Joint 2a are NAS1351N4-16 bolts made of stainless steel A286-160 ksi.
Stiff bracket /TRD Joint 2b are NAS1351N4LE12 bolts made of stainless steel A286-160 Kksi.

Next images show the boit locations.

Joint 2a
Joint 2a

Joint 2b

Figure 8-49: Joint 2a and Joint 2b
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Next images show the forces on Joint 2a bolts (worst cases).
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Figure 8-50: Forces on JOINT 2a — Max Axial — Load case 25
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Figure 8-51: Forces on JOINT 2a— Max Shear and combined — Load case 03

In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
TEMP FAGT! ULTIMATE STREMN 0 5d
BOLT NAS1351N4-16 TEMP FAGTOR FOR YIELD STRENGHT 05t
WASHER NASEZ0CA1E ] ULTIMATE TENSILE ALLOWABLE BTRESS [ual] 0
i I 110
WASHER 2 NA, TEMP FACTOR FOR MODULUS 094
NUT NAS1291G4M MODULUS OF ELASTICITY [kai] 20100
INSERT NA THERMAL COEFF - HOT {E[-fldap] a1
— THEAMAL COEFF - COLD |1E[-¢)/dap] 72
m',':.‘s::; c';;im%is ha INEERT MATERIAL PROPERTY DATA
TEM| MA T NA 1
LUBRICATED NO ULTIMATE TENSILE Al LOWABLE S5TRESS 1] NA —}
FLANGE 1 NAME STIFF BKT NUT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTMATE STRENGHT [T
ELANGE 1 MATERIAL AL P78 T7390 4 | [ TewsNE yi7aTE ALLOWABE STaEsS foui 25000
FLANGE 1 MATERIAL SPEC ULTIMATE AAL LOAG [ib] B
FLANGE 1 THICKNESS [In] 0.157
FLANGE 1 HOLE DIAMETER [In] 0325 WASHER MATERIAL PROPERTY DATA
EEANGE ZINARE RADIATORIE TEWR FACTOR FOR MODULUS 7
FLANGE 2 MATERIAL AL 7075 T7351 MOOULUS OF ELASTICITY [ksl] 100
FLANGE 2 MATERIAL SPEC FLARGE MATERIA PROPERTY DITA
FLANGE 2 THICKNESS [in] 0.294 T [ 1
TEMP FACTOR FOR MODULUS OF FLANGE 2 1
FLANGE 2 HOLE DIAMETER [in 025 = TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 oL
NOMINAL CONFIGURATION BOLT] | DITIMATE SHEAR AlLOWABLE ATRESS OF FLANGE 2 [pal] 37095 6
LOADS TICITY FOR FLANGE [k 10500
MODULUS OF ELASTICITY FOR FLANGE 2 [kl 10500
MAX AXIAL - CONFIGURATION ID NOMINAL [ THERMAL COEFF OF FLANGE 1 - HOT [1E[-gdeq] I
MAX AXIAL - ELEMENT ID 214211 THERM& COEFF OF FLAHGEi-gDI.D [1E[-0)dag 115
MAX AXIAL - LOAD CASE ID 25 THERMAL COEFF OF FLANOE 2 . COLD [1E[6)fdeg) 115
MAX AXIAL - AXIAL LOAD [N] 2724 “Ell BEAHI‘;IB Lmo:vﬂ 83 FOR F 1 102000
max axial - axfal Joad [Ib) 51.2 LD O ARIN LESTHES] FOR FLANGE | L]
ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pak] 102000
MAX AXIAL - SHEAR LOAD [N] 314.0 VIELD BEARING ALLOWABILE SYRESS FOR FLANGE 2 [pwi] TR0
max sxlal - shear load [Ib] 70.6 TORQUE AND PRELOAD DATA
MAX SHEAR - CONFIGURATION 1D NOMINAL MAX TORGUE [ib In] o0
MAX SHEAR - ELEMENT ID 227029  mexjorqua[Nm] ¥
MAX SHEAR - LOAD CASE 1D 3 — VLR oy
MAX SHEAR - AXIAL LOAD [N] 24 COEFFICIENT OF UTILIZATION (%] 73 a1
max shear - axial load [Ib] 0.5 LADING PLANE FACTOR [B
MAX SHEAR - SHEAR LOAD {N] 1086.2 FRELOAD UNGETRAINTY 035
max shear - shesr load [ib] 244 2 I— LT AT T [
MAX COMBINED - CONFIGURATION |D NOMINAL mm&;.cmnmn v
MAX COMBINED - ELEMENT I0 109 CALCULATION - CONFIGURATION 1D ROANAL
MAX COMBINED - LOAD CASE D JOINT SEPARATION 10 35 (WAK AXIAL)
MAX COMBINED - AXIAL LOAD [N] [ DNRECT TENSIOM ULTIMATE 35 B4 (WAX AXIAL)
max combined - axlalload l5] | T S MAX SHEAR I 0.4 (A AXIAL)
TOTAL TENSION ULTINATE BT (MAX AXIAL
MAX COMBINED - SHEAR LOAD [N] = TS Ty
max combined ~ shear load [Ib] DIRECT THREAD BHEAR ULTIMATE 44 17 [MAX ANIAL)
WASHER DATA TOTAL THREAD SHEAR ULTINATE V37 (MAK AAL
————————— M 23 (MAX SHEAR
THICKNESS OF WASHER [in] 0063 T TN e
OUTER DIAMETER OF WASHER [in] 0488 COMBINED SHEAR, TENSIGN AND BENGING ULTIMATE 054 [MAX SHEAR]
NOMINAL CONFIGURATION MINDAUM MOS8 038
INNER DIAMETER OF WASHER {In] G255 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS M
—DOLLHEAD DIAMETER [n] bes | SUMMARY OF MAR(ING FOR BEARIG FLANGES
_FLANGE DATA I VPR jin
THICK OF FLANGE 1 [in) 0157 FLANGE 7 - GEARING ULTINATE 1880
THICK OF FLANGE 2 [in) 0.354 FLANGE 2- BEARING YIELD 2147
DIAMETER OF HOLE m e] 2'5 NOMINAL CONFIGURATION NINIMUM MOS FLANGE 1 « BEARING ULTIMATE

Table 8-11: JOINT 2a — nominal configuration
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For Joint 2b the forces foreseen for thermo elastic analysis are not realistic because the bracket is grounded by
means of SPCs. That do not allow the bracket to contract. The FEM foreseen force is 30000 N and will not be
considered; an alternate method has been considered to verify the bracket area where SPCs are present. Sliding of

the junction is supposed when shear force on bolts is greater than sliding forces and arrangement of the structure
ocecurs.

Boll shank section
T Drge=7mm Li=7.8 mm
' L2= 10.5 mm
Jshank= 6.35:imm Ly=7.2mm
Sec. AA TN T
A-A
AT=100°C
CTE=21.7e-6
Limax = 10.5 mm
Tolerance of the hole: maximum induced thermal displacement;
(D-d)/ 2 = 0.325 mm AT CTE Lz, = 0.228 mm < Hole tolerance
Table 8-12: JOINT 2b ~ tolferance for siiding

The max sliding force during sliding of the junction has been used to verify the bolts as a new load condition (called
"SLIDING") instead of the forces resulting from the thermo elastic load case. The sliding force has been calculated
using a friction coefficient (between aluminum and steel) of 0.61 and its value is 2900 N. Shear forces on bolt

greater than this value produce the sliding of the junction so it is assumed as maximum shear force when sliding
OCCuUrs.

The forces for the sliding load case considered are:
Faxia=0 N
Fshear = 2900 N

Images in the following page show the force on Joint 2b bolts (worst cases excluding thermal loads).

Questo documento contiene informazioni di propriela di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.
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Figure 8-52: Forces on JOINT 2b ~ Max Axial - Load case 13
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Figure 8-53: Forces on JOINT 2b— Max Shear and combined — Load case 10

In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT Uod
BOLT NAS1351NALE12 TEMP FACTOR FOR YIELD STRENGHT, 084
WASHER 1 NASB20C416 ULTIMATE TENSILE ALL OWABLE STRESS [kel) 80
WASHER 2 NA YIELD TENSILE ALLOWABLE STRESS [kui) 110
NUT NA TEMP_FACTOR FOR MODULUS [}
MODULUS OF ELASTICITY [usi] 29100
INSERT: | MS21209 Fa-15L | THERMAL COEFF - HOT [1E(-6)/deq] 7
INSERT IN FLANGE 2 THERMAL COEFF - COLD [1E{-¥dsg] 5
NUMBER OF FLANGES 2 INSERT MATERIAL PROPERTY DATA
LUBRICATED NO TEMP FACTOR FOR ULTIMATE STRENGHT ] m|
FLANGE 1 NAME STIFF BKT ULTIMATE TENSILE ALLOWABLE STRESS {ksl) 150 =it |
FLANGE 1 MATERIAL AL 7075 T7351 NUT RATERIAL PROPERTY DATA
FLANGE 1 MATERIAL SPEC TEMP FACTOR FOR ULTIMATE STRENGHT NA
" TENSILE ULTIMATE ALLOWABLE STRESS [pg} NA,
FLANGE 1 THICKNESS [in] 0.236 ULTIMATE AXIAL LOAD fIb NA
FLANGE 1 HOLE DIAMETER [in] 025 IMATE AXIALLORD I
ELANGE 2 NAME TRO WASHER MATERIAL PROPERTY DATA
FLANGE 2 MATERIAL AL 7075 17351 TEMF FACTOR FOR MODLULUS 1
FLANGE 2 MATERIAL SPEC MODULUS OF ELASTICITY [Hsl 29100
FLANGE 2 THICKNESS [In] 0.375 ysore Lo
FLANGE 2 HOLE DIAMETER [in] 025 FLANGE MATERIAL PROPERTY DATA
J——__L TEMF FACTOR_FOR MODULUS OF FLANGE 1
NOMINAL CONFIGURATION BOLT] TEMP FACTOR _FOR MODULUS OF FLANGE 2
LOADS TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 [T
MAX AXIAL - CONFIGURATION ID NOMINAL ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [psl] Ar999 89
MODULUS OF ELASTICITY FOR FLANGE 1 {kel] 10500
MAX AXIAL - ELEMENT ID 236018 MODULUS OF ELASTICITY FOR FLANGE Z [kef] 10500
| MAX AXIAL - LOAD CASE ID 13 THERMAL COEFF OF FLANGE 1 - HOT [1E(-6)den] 12.15
MAX AXIAL - AXIAL LOAD [N] 24480 THERMAL COEFF OF FLANGE 1 - COLD [1E(-B)/dug} 121
max axial - axial load fib} 5503 THERMAL COEFF OF FLANGE 2 - HOT [1E{-E)ideg} i2 15
MAX AXIAL - SHEAR LOAD [N] 2025.3 THERMAL COEFF OF FLANGE 2 - COLD {IF(8)idep] EFEY
mix axial - shesr load [Ib 4553 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] 102000
___moex gxial - shear load [Ib] YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1{psi] 79000
w No”&:ﬁ" ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 (psi] 102000
MAX SHEAR - ELEMENY 1D 23960 YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [pel] 75000
MAX SHEAR - LOAD CASE ID 10 T ORQUE AND PRELOAD DATA
MAX SHEAR - AXIAL LOAD [N] 16681 X TORGUE i1 5=
max shear - axlal load [Ib] 3795 max 1oraus [N m] 07
MAX SHEAR - SHEAR LOAD [N] 23980 MIN TORQUE NIb In] 780
|____max shear - shost Joad (] 5% 1 cosmc%%nmu &) T4 GEsg
| MAX COMBINED - CONFIGURATION ID NOMINAL DINGIPTANEEACTOR 5
MAX COMBINED - ELEMENT ID PRELOAD UNGETRAINTY s
MAX COMBINED - LOAD CASE ID _ TORQUE COEFFICIENT _ 02
MAX COMBINED - AXIAL LOAD [N] | SAME AS MAX SHEAR  NON CONFIGURATION
mazx comblned - sxlal load [ib ARY OF W FORBOLTE
MAX COMBINED - SHEAR LOAD [N] ON - CONFI TION I NOMINAL
max combined - shear load [Ib] JOINT SEPARATION 0 19 {MAX AXIAL)
SLIDING - CONFIGURATION 1D NOMINAL DIRECT TENSION ULTIMATE 3 19 {MAX AXIAL)
SLIDING - ELEMENT 1D - DIRECT TENSION YIELD 3 61 {MAX AXIAL)
SLIDING - LOAD GASE ID = TOTAL TENSION ULTIMATE 0 63 (MAX AXIAL)
TOTAL TENSION YIELD 1,285 (MAX AXIAL)
SLIDING - AKIAL LOAD [N] 00 DIRECT THREAD SHEAR ULTINATE 4 09 [MAX AXTAL)
sliding - axial load [Ib] 0.0 TOTAL THREAD BHEAR ULTIMATE 123 (MAX AXIAL)
SLIDING - SHEAR LOAD [N) 29000 SHEAR ULTIMATE 0 56 (SLIDING)
sliding - shear load [Ib] 651.8 BENDING ULTIMATE > 10
WASHER DATA COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0475 (SLIDING)
THICKNESS OF WASHER [in] 0.063 NOMINAL CONFIGURATION MINIMUM MOS 018
QUTER DIAMETER OF WASHER [In| 0 468 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 0475
INNER DIAMETER OF WASHER (in] 0.255 T NOWINAL CONFIGURATION —_—
BOLT HEAD DIAMETER [In] 037 SUNHARY OF NARGING FOR FLANGES
FLANGE DATA FLANGE 1. BEARING ULTIMATE 393
e FLANGE 1 - BEARING YIELD 300
THICK OF FLANGE 1 [in] 0‘1?7 FLANGE 2 - BEARING ULTIMATE 671
THICK OF FLANGE 2 [in] 0.375 FLANGE 2 - BEARING YIELD 356
DIAMETER OF HOLE [in] 0.25

NOMINAL CONFIGURATION MINIMUM MOS

FLANGE 1 - BEARING ULTIMATE

Table 8-13: JOINT 2b — nominal configuration
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8.2.3.3 JOINT 3: SPOKES (NOMINAL CONF.)

SPOKES upper rod end/Radiator joint 3a are made of Ti 6Al 4V with an ultimate allowable tensile siress of -150 ksi.
SPOKES lower rod end/Radiator joint 3b are made of Ti 6Al 4V with an ultimate allowable tensile stress of -150 ksi.
Next images show the joint locations.

Joint 3a

Joint 3b

Joint 3a

Figure 8-54: Joint 3a and Joint 3b

Next images show the forces on Jaint 3a bolts (worst cases).
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Figure 8-56: Forces ofn JOINT 3a— Max Shear— Load case 29

In the following fable input and output data are shown.
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JUNCTION PROPERTIES e LD A AN
TEMP FACTOR FOR ULTINATE 51RENGHT T
BOLT SPOKES UPPER ROD END JEMP FACTOR FOR YIELD STRENGHT 8
WASHER 1 NAS15&7-3 ULTIMATE TENSILE ALLOWABLE STRESS [kal] 150
YIELD TENSILE ALLOWABLE STRESS [ksi] _ e
WASHER 2 NA TEMP FACTOR FOR MODULUS = 0%z
NUT NAS1291C3M _MOBULUS OF ELASTICITY [kai] _ 16503
THERMAL COEFF - HOT [1E(-6)/deg] 5
INSE!:‘::S::IANGE :: THERMAL COEFF__COLD [1E6)ideg) 76
s INSERT MATERIAL PROPERTY DATA
NUMBER OF FLANGE 1 TEMP FAGTOR FOR ULTIMATE STRENGHT e ]
LUBRICATED NO UL TIMATE TENSILE ALLOWABLE STRESS [ke] e 1
FLANGE 1 NAME NA KUT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT Jot
FLANGE  MATERIAL HA TENSILE ULTIMATE ALLOWARLF 5TRESS [pai 25000
FLANGE 1 MATERIAL SPEC ULTIMATE AXIAL LOAD [ib] 8270
FLANGE 1 THICKNESS [In] NA S s
FLANGE 1 HOLE DIAMETER [in] NA D DATA -
FLANGE 2 NAME ZR
FLANGE 2 MATERIAL AL 7075 17351 MODULUS OF ELASTICITY [kal) 20100
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROPERTY DATA
FLANGE 2 THICKNESS [In] 0.311 TEMP FACTOR FOR MODYLUS OF FLANGE 1 NA
TEMP FACTOR FOR MODULUS OF FLANGE 2 1
| FLANGE 2 HOLE DIAMETER JIn] 02 TEMP FACTOR FOR ULTIMATE STRENGHT OF FLARGE 2 [T}
NOMINAL CONFIGURATION BOLT ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [pai] 37665 B0
LOADS LUS OF ELASTICITY FOR FLANGE 1 [ks] WA
MODULUS OF ELASTICITY FOR FLANGE 2 [kai) 10500
MAX AX{AL - CONFIGURATION ID NOMINAL THERMAL COEFF OF FLANGE 1. HOT [1E{-8)/de NA
THERMAL GOEFF OF FLANGE 1. COLO [1E(8 NA
MAX AXIAL - ELEMENT ID 4587539 THERMAL COEFF DF FLANOE 2 - HOT [1E[-6}ids [FE
MAX AXIAL - LOAD CASE 16 27 THERMAL COEFF OF FLANGE 2 - COLD [1E[8 [
MAX AXIAL - AXIAL LOAD [N] 608.0 ULTIMATE BEARING ALLOWABLE BTREBS FOR FLANGE 1 [pal NA
max axial - axtal load [Ib]) 136.7 YIELD BEARIN LOWARLE STREBS FOR FLANGE 1 {psi] NA
ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pa} 102000
[ MAX AXIAL - SHEAR LOAD [N} 33 VIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 70000
max _axlal - shear load [Ib] 0.7 TORGUE AND PRELOAD DATA
MAX SHEAR - CONFIGURATION ID NOMINAL MAX TORGQUE [1b in] a20
MAX SHEAR - ELEMENT 1D 45870268 o mazlomua[Mm] H
WMAX SHEAR - LOAD CASE ID 29 L TORGUE o In] zo
MAX SHEAR - AXIAL LOAD [N 994 COEFFIGIENT OF UTILZATION [%] Tas
max shear - axini load [ib] 224 LADING PLANE FAGTCR [
MAX SHEAR - SHEAR LOAD [N} 337  PRELQAD UNCETRHAINTY 035
max shear - shear load [Ib] 76 o TORQUECOEFFICIENE = _ [H
MAX COMBINED - CONFIGURATION ID NOMINAL | ~ NOMSMAL CONFIGUIRATION - |
MAX COMBINED - ELEMENT ID il NOS CALCULATION - CONFIGURATION LD TOINAL
MAX COMBINED - LOAD CASE ID JOINT SEPARATION 1 B8 [MAK AXIAL}
MAX COMBINED - AXIAL LOAD [N] SAME AS MAX AXIAL DIRECT TENSION ULTIMATE 2 19 (MAX ANAL)
‘max comblned - axlal toad [Ib} BIRECT TENSION YIELD T & (MAX ARIAL
— 372X COMBINED - SH—LE R LOAD [N TOTAL TENBION ULTIMATE D 4% (MAXAXIAL
TOTAL TENSION YIELD 033 (MAX AXIAL
max combined - shesr load [1b) DIRECT THRE. EAR ULTIMATE 7 63 (MAX AXIAL
TOTAL THREAD S8HEAR ULTIMATE T 74 (MAX AXIAL
WASHER DATA R ULTIM 113 35 (MAX SHEAR}
THICKNESS OF WASHER [in] 0.061 NDING ULTIMATI 10
OUTER DIAMETER OF WASHER [In] 046 COMBINED SHEAA, TENSION AND BENDING ULTIMATE 0 45 {MAX AXTAL)
NOMINAL CONFIGURATION MINIMUM BMOE 03
INNER DIAMETER OF WASHER [In] 0.1%5 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS o435
BOLT HEAD DIAMETER [In] NA i
FLANGE DATA FLANGE 1 - PEARING ULTINATE -
FLANGE 1 BEARING YIELD
THICK OF FLANGE 1 [in] NA FLANGE 7 BEARING ULTIMATE FT¥
THICK OF FLANGE 2 [In] 0.311 FLANGE 2 - REARING YIELD 1T A0
DIAMETER OF HOLE [in} 0.2 NOMINAL CONFIGURATION MINIMUM MOS FLANGE 2 - BEARING ULT:MATE

Table 8-14: JOINT 3a — nominal configuration
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The forces on Joint 3b bolts {(worst cases) are the same of Joint 3a shown in the Figure 8-45 and Figure 8-46.
In the following table input and output data are shown.

BOLT MATERIAL PROPERTY DATA

INSERT IN FLANGE

Bollhoff helcail plus 4130 074 7006
1

JUNCTION PROPERTIES

TEMP FACTOR FOR ULTIMATE STRENGHT To:
BOLT SPOKES LOWER ROD END [ TEMPFACTOR FOR YIELD STRENGHT o

ULTIMATE TENBILE ALL OWABL E STRESS [hai] 125

w% 1 NA YIELD TENSILE ALLOWABSLE STRESS tksi] 114
WASHER 2 NA TEMP FACTOR FOR MODULUS Taa
NUT NA MOPULUS OF ELASTICITY [ksi] L6500

INSERT THERMAL COEFF - HOT [1EL-GYdeg] ]

THERMAL COEFF - COLD [1E(-6)/dag

INSERT JATERIAL PROPERTY DATA

MAX COMBINED - AXIAL LOAD {N)

max combined - axial load [Ib]
MAX COMBINED - SHEAR LOAD [N]
max combined - shear lond [ib]

SAME AS MAX AXIAL

NUMBER OF FLANGES 1 —— TEMF FACTOR FOR ULTIMATE STRENGHT B p—
LUBRICATED NO ULTIMATE TENSILE ALLOWABLE STRESS [ksi) 101 |
FLANGE 1 NAME NA NUT MATERIAL PROPERTY DATA
L JEMWPFACTORFOR ULTIMATE STRENGHT N
FLANGE 1 MATERIAL A TEMSRE ULTIMATE ALLOWABLE STRESS [ns]] WL
FLANGE 1 MATERIAL SPEC ULTIMATE AXiAL LOAD [1b] "
FLANGE 1 THICKNESS {In] NA
FLANGE 1 HOLE DIAMETER [in] HA PYASHERIMATERIATNEROPERTYDATA
FLANGE 2 NAME TRD TEMP FACTCR FOR MODUL US 3
FLANGE 2 MATERIAL AL 7075 T73%1 HODULUS OF ELASTICITY [ksi] 26100
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROPERTY DATA
FLANGE 2 THICKNESS [in] 04 Ml OR MODULLIS OF FLANGE 1 N2
JEMP 'OR MODULUS OF FLANGE 2 il
FLANGE 2 HOLE DIAMETER [iny 026 TEMP FAC TIMATE STRENGHT OF FLANGE 2 0 as
NOMINAL CONFIGURATION BOL ULTIMATE SHEAR ALLOVYARLE STRESS OF FLANGE 2 [pei] R
LOADS MODULUS OF ELASTICITY FOR FLANGE 1 [ksi] N
— MODULUS OF ELASTICITY FOR FLANGE 2 [ksi) 10500
MAX AXIAL - CONFIGURATION ID NOMINAL THERMAL GOEFF OF FLANGE 1 - HOT [1E{-6)/deg] N
5 THERMAL COEFF OF FLANGE 1- GOLD [1E(-6]ideg] N
MAX AXIAL - ELEMENY 1D 6385997 THERMAL COEFF OF FLANGE 2 - HCT [1E[-Bldag] [F3
MAX AXIAL - LOAD CASE ID a7 THERMAL GOEFF OF FLANGE 2 - COLD [1E(-6)'deg] T3
MAX AXIAL - AXIAL LOAD [N] 608 0 ULTIMATE BEARINO ALLOWABLE STRESS FOR FLANGE 1 [psi) T
max axlal - axial load [ib] 1367 YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] s
5 ULTIHATE BEARING ALLOWABLE STRESS F OR FLANGE 2 [psr] Tc20e0
MAX AXIAL - SHEAR LOAD [N) 3‘3 YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi) THLLD
max axisl - shear load {ib] C. TORGUE AND PRELOAD DATA
MAX SHEAR - CONFIGURATION ID NOMINAL “MAX TORQUE [ib in] 50
MAX SHEAR - ELEMENT (D 8385878 max lorque [N m] 107
MAX SHEAR - LOAD CASE IO 28 ] e
MAX SHEAR - AXIAL LOAD [N] 894 COEFFICIENT OF UTILIZATION [%4) iz
max shear - axlal [oad [Ib] 224 LADING PLANE FAGTOR CE
MAX SHEAR - SHEAR LOAD [N] 337 —_ PRELOAD UNGETRAINTY [F3
mux shear - shear load [Ib) 76 - e JOHOQUE COEF FICIENT B
[ WAAX COMBINED - CONFIGURATION ID NOMINAL | mCONFI;gF;AHC;I&- =
MAX COMBINED - ELEMENT 10 W03 CALGULATION - CONFIGURATION 1D NGIANAL
MAX COMBINED - LOAD CASE 1D JOINT SEPARATION 237 [MAX AXIEL)

DMRECT TENSION ULTIMATE

Az 19 (WAN AXILL ]

T TENSION YIELD

Th 23R AKIALY

TOTAL TENSION UL TIMATE D HZ BN ARIAL
JOTAL TENSION YIELD € Ot {HAR AXIALY
PIRECT THREAD SHEAR ULTIMATE 11 TE VAR AXLALY

JOTAL THREAD SHEAR ULTIMATE 0 a7 (KIAX wXCAL
WASHER DATA !EF_AR ULTIMATT 120 52 (MAY SHEA‘R‘}
THICKNESS OF WASHER [In] 0 BENDING ULTIMATE > p
OUTER DIAMETER OF WASHER [In] 0 COMBINED SHEAR, TENSICN AND BENDING ULTIMATE U 516 A AXIAL)
HOMINAL CONFIGURATION MINIMUM MOS PE
INNER DIAMETER OF WASHER [In] Q NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS Bal
- WOMIMAL CONFIGURATION
BOLT HEAD DIAMETER [in] 047 gﬁ!gzmms FOR BEARING FLANGES
FLANGE DATA FLANDE 1 - BEARING ULTIMATE m
e FLANGE 1. BEARING YIELD
THICK OF FLANGE 1 [in] NA FLANGE 2 - BEARING LLTIMATE oA 0.
THICK OF FLANGE 2 [in] &4 FLANOE 2 - BEARING YIELD 75373
DIAMETER OF HOLE |In] Q.26 NOMINAL CONFIGURATION MINIMUN. MDS FLANGE 2 - BEARING ULTIMATE

Table 8-15: JOINT 3b — nominal configuration
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8.2.3.4  JOINT 4: GPS ANTENNA SUPPORT/TRD (NOMINAL CONF.)

GPS ANTENNA SUPPORT/TRD joint 4 are NAS1351N4LE12 bolts made of stainless steel A286-160 ksi.
Next images show the bolt locations.

Joint 4
Joint 4

Figure 8-57: Joint 4

The same methodology of Joint 2b is used to not consider the forces on bolts due to the thermo elastic load case
that generates unreal stiffness of the constraint subjected io thermal load. The load case due to the sliding is added
in the junction analysis.
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Next images show the forces on Joint 4 bolts (worst cases).

WS(. Potran 7005 21 wer-06 15 4607 J I
Viaopr SC14-7 754 «31¥-19 752 A i Dot Flistad. Trmtulisons  (NONLAYERED) 233+00

2 15+033

defauti_Vector
Man. 2 33+003 GNd 2341620
Min 4 304002 @Nd 2341620

Figure 8-58: Forces on JOINT 4 — Max Axial and combined — Load case 14
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Figure 8-59: Forces on JOINT 4 — Max Shear — Load case 02
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Figure 8-60: Forces on JOINT 4 — Max Combined — Load case 04

In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
—_— TEMP FACTOR FOR ULTIMATE STRENGHT ) 54
BOLY NAS1351NALE1D TEMP FACTOR FOR YIELD STRENGHT 0 94
WASHER 1 NASE20C416 ULTIMATE TENSILE ALLOWABLE STRESS {kel]
WASHER 2 NA YIELD TENSILE ALLOWABLE STRESS [kei}
NOT NA TEMP FACTOR FOR MODULUS 0
- MODULUS OF ELASTICITY [kal 28100
= —!%‘E%AN BE Mw!s"— THERMAL COEFF - HOT [1E[-6deq]
NUMBE:R oS 2 THERMAL COEFF - COLD [1E{-6)ds,
INSERT MATERIAL PROPERTY DATA
LUBRICATED NO TEMP FACTOR FOR ULTIMATE STRENGHT T 1
FLANGE 1 NAME GPS ULTIMATE TENSILE ALLOWABLE STRESS [ksl] 150 ]
FLANGE 1 MATERIAL AL 7075 T7351 NUT MATERIAL PROPERTY DATA
FLANGE 1 MATERIAL SPEC TEMP FACTOR FOR ULTIMATE STRENGHT NA
TENSILE ULTIMATE ALLOWASLE STRESS NA
FLANGE 1 THICKNESS [In] 0.2362 | TENSILEULTIMATE ALLOWASLE STRESS [eal] Y
FLANGE 1 HOLE DIAMETER [In] 025 -
FLANGE 2 NAME TRD) WASHER MATERIAL PROPERTY DATA
FLANGE 2 MATERIAL AL 7075 T7351 TEMP FACTOR FOR MQDULUS 1
FLANGE 2 MATERIAL SPEC
e — MODULUS OF EL K
FLANGE 2 THICKNESS [in) 0.306 " —
FLANGE 2 HOLE DIAMETER [in] 0.25 FLANGE MATERIAL PROPERTY DATA
NOMINAL CONI EMP FACTOR FOR MODULUS OF FLANGE 1
NOMINAL CONFIGURATION BOLT EMP FACTOR_FOR MODULUS OF FLANGE 1
LOADS TEWF FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 084
= ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [ps1] 37998 89
MAX AXIAL - CONFIGURATION ID NOMINAC MODULUS OF ELASTICITY FOR FLANGE 1 [kal 10500
MAX AXIAL - ELEMENT ID 2341620 MODULUS OF ELASTICITY FOR FLANGE 2 [ksl] 10500
MAX AXIAL - LOAD CASE ID 14 THERMAL COEEF OF FLANGE 1 - HOT [1E|-Gldeg] 1215
MAX AXIAL - AXIAL LOAD [N] 23264 THERMAL COEFF OF FLANGE 1- COLD (1E(-8)deg] 121
max axlal - axlel logd [ib] 523.7 THERMAL COEFF OF FLANGE 2 - HOT [1E{-6Ndaq] 1215
AX AXIAL - SHEAR LOAD [N] A55.5 THERMAL GOEFF OF FLANGE 2 - COLD [1E{-6)/deg)] 1710
il - shoar load [Ib 0.4 ULTIMATE BEARING ALLDWABLE STRESS FOR FLANGE 1 [pal] 102000
Mak axial - 39123 : YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [pal] 79000
| MAX SHEAR - CONFIGURATION 1D __ NOMINAL ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [psl] 102000
MAX SHEAR - ELEMENT ID 2341820 VIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal] 75000
MAX SHEAR - LOAD CASE ID 2 TORQLE AND PRELOAD DATA
MAX SHEAR - AXIAL LOAD [N] 1128.2 MAX TORQUE [tb In] 550
max shaar - axial load [Ib] 253 8 _max lorgus [N m) 107
MAX SHEAR - SHEAR LOAD [N] 21654 H"*: T?“UE ,I‘M'] 1;? 10
meax shear - shear load [Ib] 486 8 miniorque[Nm]
COEFFICIENT OF UTILIZATION [% I
MAX GOMBINED - CONFIGURATION ID NOMINAL  COEFTICIENT OF UTL AT %] S
MAX COMBINED - ELEMENT 1D 2341620 PRELOAD UNCETRAINTY 08
MAX COMBINED - LOAD CASE 1D 4 —TORQUE COFFRICIENT = o2
MAX COMBINED - AXIAL LOAD [N] 2078.2 NOMINAL CONFIGURATION
max comblined - axlal load Jik] 467.2  SUMNARY OF MARGING FOR BOLTS
MAX COMBINED - SHEAR LOAD [N} 1818.3 MOS CALCULATION - CONFIGURATION (D} NOMNAL
max combined - shear load [Ib 408.0 _JOINT SEPARATION 023 {MAX AXIAL)
SLIDING - CONFIGURATION ID HOMINAL DIRECT TENSION ULTIMATE 341 [MAX AXIAL)
SLIDING - ELEMENT ID n DIRECT TENSION YIELD 385 (MAX AXIAL}
" TOTAL TENSION ULTIMATE 0 83 (MAX AXIAL)
:Il_'l'g::g :zﬁ E;ig '[:] g% TOTAL TENSION YIELD 0 288 {MAX AXIAL)
2 : DIRECT THREAD SHEAR ULTIMATE 2 35 (MAX AXIAL)
sllding - axlal load {Ib] 0.0 TOTAL THREAD SHEAR ULTIMATE 122 (MAX AXIAL)
SLIDING - SHEAR LOAD 2600.0 SHEAR ULTIMATE 0 96 [SLIDING)
3liding - shear losd [ib] §51.8 BENDING ULTIMATE > 10
WASHER DATA COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 475 {SLIDING)
THICKNESS OF WASHER [In] 0063 NOMINAL CONFIGURATION MINIMUM MOS 625
OUTER DIAMETER OF WASHER [in] 0468 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 0475
INNER DIAMETER OF WASHER {in] 0.255 — " NOMINAL CONFIGURATION —
BOLT HEAD DIAMETER [In 0.37 f OF ‘
FLANGE DATA FLANGE 1 - BEARING ULTIMATE 438
FLANGE 1 - BEARING YIELD 567
THICK OF FLANGE 1 [In] 0.2362 FLANGE 2 BEARING ULTIMATE 557
THICK OF FLANGE 2 [In] 0.308 FLANGE 2 - BEARING YIELD 764
DIAMETER OF HOLE [in] 0.25 NOMINAL CONFIGURATION MINIMUM MOS FLANGE 1- BEARING ULTIMATE

Table 8-16: JOINT 4 — nominal configuration

All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.

L Questo documento contiene informazioni di proprietad di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.




' N°Doc:  AMSTCS-TN-CGS-011
AMS02 - TCS

Ediz.: Data:
' sswe: 1 Date. 31/03/2008
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina gi
CARLO GAVAZZ| SPACE SpA REPORT e 122 di o

8.2.3.5 JOINT 5: GPS ANTENNA/GPS ANTENNA SUPPORT (NOMINAL CONF.)

GPS ANTENNA/GPS ANTENNA SUPPORT joint 5 are DIN 965 M3x16 made of stainless steel A2-70
Next image shows the bolt location.

Joint 5

Figure 8-61: Joint 5
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Next images show the forces on Joint 5 bolts (worst cases).
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Figure 8-62: Forces on JOINT 5 - Max Axial and combined — Load case 08
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Figure 8-63: Forces on JOINT 5 — Max Shear — Load case 09

In the following table input and output data are shown.

Queslo documento conliene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutli i dirilli sono riservali.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




N° Doc:
.. AMSTCS-TN-CGS-011
Doc N*®
AMS02 - TCS
~ Bdiz: 4 Dal& 34/03/2008
v Issue: Date:
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina 124 di 200
CARLO GAVAZZI SPACE SpA REPORT Page of
JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
TJEMPFACTOR FOR ULTIMATE STRENQHT DB4d
BOLT DIN 965 M3x16 TEMP FACTOR FOR YIELD ATRENGHT ood
WASHER 1 NA ULTIMATE TENSILE ALLOWABLE STREZS kst 109 820
a1 3, TENSILE AU i 25 267
WASHER 2 NA TEMP FACTOH FOR M us 004
NUT NA WMODULUS OF ELASTICITY [kal] 20100
INSERT L9495 Max1d THERMAL COEFF - HOT [1E[Sleg] 57
THERMAL COEFF - COLD (1E[)ideg] [T
N_I{INDTS'E:; g}';m%is : INSERT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT 1 — ]
LUBRICATED NO ULTIMATE TENSILE ALL QWARLE STRESS Jua) TIB000 1
FLANGE 1 NAME GPS NUT MATERIAL PROPERTY DATA
TEWP FACTOR FOR ULTIMATE STRENGHT NA
FLANGE 1 MATERIAL ALTOTETIIS N | = SILE ULTINATE ALLOWABLE STRESS [oul] BA
FLANGE 1 MATERIAL SPEC ULTIMATE AXAL LOAD ] A
FLANGE 1 THICKNESS [in] ©¢.058 —
FLANGE 1 HOLE DIAMETER [In] [XEF] WASHERIMATERIANPRORERTY/DATA
FLANGE 2 NAME ANTENNA TEMP FACTOR FOR MODULUS 1
FLANGE 2 MATERIAL, AL 7075 T7351 MODULLS OF ELASTICITY [ksl) 28100
| FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROPERTY DATA
FLANGE 2 THICKNESS [In] 0.157 JEMP FACTOR_FOR MODULUS OF FLANGE 1 Y
TEMP FACTOR Fi US OF NOE 2 1
FLANGE 2 HOLE DIAMETER [in] DA TEMP FACTOR FOR ULTIMATE BTRENGHT OF FLANGE 2 o4
NOMINAL CONFIGURATION BOLT] 370 8
LOADS MODULUS OF ELASTICITY FOR FUANGE 1 [hsl] 10500
AU WODULUS OF ELASTICITY FOR FLANGE 2 [kl 10300
MAX AXIAL - CONFIGURATION ID NOMINAL . THERMAI COEFF OF FLANGE 1- HOT [1E[#]}deg)] 121
TAUARAL EVEMENT D Z3TT91T THERMAL COEFF OF FLANGE 1. COLD [1E[-81ideg} mﬁ
MAX AXIAL - LOAD CASE ID 8 THERMAL COEFF OF FLANGE 2 . COLD [1E|-¥)/deg) 321
MAX AXIAL - AXIAL LOAD [N] 55.7 ULTIMAT| CWABLE STRESY A [ea] 102009
- Y¥IELD BEARING ALLOWABLE STREBS FOR FLANGE 1 [pai] 70000
ma alal’- aulal '°:d n:nm ~ 112'5 ULTIMATE BEARING ALLOWABLE STREBS FOR FLANGE 2 [pa] 102000
MAX AXIAL - SHEAR LO 1 1193 YIELD BEARING ALLOWABLE STRESS FOR FLANGE ? ipsl] TO00
max axlal - shear load [Ib] 26.8 TORQUE AND PRELCAD DATA
MAX SHEAR - CONFIGURATICN ID L — MAX TORQUE |Ib In}
MAX SHEAR - ELEMENT ID 2377917 max: |orgua (M o]
MAX SHEAR - LOAD CASE ID g Y amiergue T ] o

MAX SHEAR - AXIAL LOAD [N] 528 COEFFICIENT OF UTILLZATION [%] 87 553

max shear - axlal Isad [Ib] 118 LADINGD PLANE FACTOR o5
MAX SHEAR « SHEAR LOAD [N] 1271 PRELOAD UNCETRAINTY T35
muax shear - shear load [Ib] 286 — TORGUE COEFFICIENT 22

MAX COMBINED - CONFIGURATION ID NOMINAL TION = .

MAX COMBINED - ELEMENT 1D MOS CALCULATION - CONFIOURATION 10 - NOMINAL
MAX COMBINED - LOAD CASE ID JOINT BEPARATION 382 (MAX AXIAL)
MAX COMBINED - AXIAL LOAD [N) SAME AS MAX AXIAL CARECT TENSION ULTIMATE 20 75 (MAX AXIAL

max combined - axlaf load [ib 'rn‘lr‘:L 'r‘-s.:ls:‘ou e 2‘_1__1_’;’ ::::A“Ll‘
MAX COMBINED - SHEAR LOAD [N, TOTAL TEMSIOH YIELD D‘e—f—s A AXIAL]
max comblned - shear load {Ib] DIRECT THREAD BHEAR ULTIMATE TR ANIAL)
TOTAL THREAD BHEAR ULTIMATE 7 57 [MAXAXIAL
WASHER DATA P o
THICKNESS OF WASHER [in] 0 N IMAT > 10
OUTER DIAMETER OF WASHER [in] a COMBINED 8HEAR, TENSION AND BENDING ULTIMATE 147 (MAX SHEAR)
NOMINAL CONFIGURATION MINIMUM MOS 485
INNER DIAMETER OF WASHER [In] Q9 NOMINAL CONFIGURATION MINIMUM ULTIMATE MO8 117
EOLY HEAD DIAMETER [l oz o GUNMARYOF AROMY FORBEARING FLANGED
FLANEE DATA L’@HE?;EEAB!!%ELYIIIEHE 18 0%
TRICK OF FLANGE 1 [In] 0.098 FL B i it ST ST e
THICK OF FLANGE 2 [In] 0.157 FLANGE 2 . BEARING YIELD FFIE]
DIAMET ER OF HOLE [In] 0112 NOMINAL CONFIGURATION MINIMUM MOS ELANGE 1 - BEARING ULTIMATE

Table 8-17: JOINT 5 — nominal configuration
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8.2.3.6  JOINT 6: VSB - VACUUM CASE JOINT (NOMINAL CONF.)

VSB - VACUUM CASE Joint 6 are NAS1351 C6-20 bolts made of siainiess steel A286-80 ksi.
Nexi image shows the bolt location.

Joint 6 Joint 6

Joint 6

Figure 8-64: Joint 6

Next images show the forces on Joint 6 bolts (worst cases).
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Figure 8-65: Forces on JOINT 6 — Max Axial — Load case 01
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Figure 8-66: Forces on JOINT 6 — Max Shear and combined — Load case 04

In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
TEM TIMAT OHT 0%
BOLT NAS1351 CB-20 TEMP FACTOR FOR YIELD BTRENGHT )
WASHER 1 NAS 11459663 ULTIMATE TENSILE ALLOWARLE STRESS [kall 80
1 B [kl 20
WASHER 2 NA TEMPELat - ot
NUT NA LUS OF ELASTICITY [kal 20100
HSERT MES1551-204 1':5::4-1. cos:: :OOLL 115 da T
SERT IN FL. Z
N Lllh:ﬂEER ONF FL‘XL%EES g INSERT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULT|MATE STRENGHY o4 |
LUBRICATED YES ULTIMATE TENSILE ALLOWABLE BYREBS [iaf] ARG000 1
FLANGE 1 NAME VSB SUPPORT NUT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT A
FLANGE 1 MATERIAL AL 7075 T7351 TENRILE UL TDIATE ALLOW, STRERE! Y
FLANGE 1 MATERIAL SPEC ULTIMATE AXIAL LOAD ] NS
FLANGE 1 THICKNESS [In] 0.236 e e
FLANGE 1 HOLE DIAMETER [in] 0.375 [ WASHER MATERIAL PROPERTY DATA
FLANGE 2 NAME VACUUM CASE VF IEUP FARTAR FORLIERILUD !
FLANGE 2 MATERIAL AL 7075 T7351 NODULUE OF ELASTICITY [ksl] e
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROPERTY DATA
FLANGE 2 THICKNESS [In} 0.5 M F 1 +
TEMP FACTOA [OR MOOULUS OF FLANGE 2 1
FLANGE 2 HOLE DIAMETER {In] 0.375 [ TEMP FACTOR FOR DLTIMATE STRENGHT OF FLANGE 2 Dod
NOMINAL CONFIGURATION BOLT| 37600 85
WODULUS OF ELABTICTY FOR FLANGE Z [kal] 10500
MAX AXIAL - CONFEGURATION (D NOMINAL [~ TREHMAL GOEFF DF FLANGE 1 - HOT [JE|-Bdsg] 1218
MAX AXIAL - ELEMENT ID £511888 [ THEAKAL COBRF OF ELANGE 1- SOLR (RIS nal e !E EFFOF%“E KIT)
MAX AXIAL - LOAD CASE iD 1 THERMAL GOEFF OF FLANGE 2 . COLD [1E{-6}deg] 18
MAX AXIAL - AXIAL LOAD [N} 350.0 ULTIM, )| OW. TRES! FLANG 1 W
ax axial - axiat load [Ib 78 7 YIELD BEARING ALLOWABLE GTRESS FOR FLANGE 1 70000
AANTRNIAL HE_'—LLAR TOADIING 05T E ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [paf] 103000
M. - 5 I 8 VIELD BEAHING ALLGWABLE STRESS FOR FLANGE 2 [pal 79000
max axial - shear load [Ib 2855 TORGUE ANT PRELOAD DATA
MAX SHEAR - CONFIGURATION ID NOMINAL MAX TORQUE [thy bn] 1780
MAX SHEAR « ELEMENT ID 5511464 mwaloquNm] 202
MAX_SHEAR - LOAD CASE 1D ] . g
MAX SHEAR - AXIAL LOAD [N] 171.3 COEFFIGIENT OF UTILLZATION |%) 73
max shear = axial ioad [ib] 38.5 (AGING PLANE FACTOR [
MAX SHEAR - SHEAR LOAD [N] 15753 TY 025
max shear » shear Joad [ib 354 1 TORGUE COEFRICTENT (KT
WMAX COMBINED - CONFIGURATION ID NOMINAL ‘ mn% i e
MAX COMBINED - ELEMENT ID - 308 CALCULATION - CONFIGURATION 1D FOMNAL
MAX COMBINED - LOAD CASE ID JOINT BEPARATION 13 3 [MAX AXIALY
MAX COMBINED - AXIAL LOAD [H) SAME AS MAX SHEAR DIRECY TERSION ULTIMAT 35 4B [MAX AXIAL}
max cembined » axial load [ib RECT TENSIOR VIE! | 4270 (MAXARAL)
MAX COMBINED + SHEAR LOAD [N] e T LIt AL
: I ]
max combined - shear load [Ib] DIRECT THREAD SHEAR ULTIMATE E1 TT (hLAX AXIAL]
WASHER DATA TOTAL THREAD SHEAR ULTIMATE 1 55 {MAC AXIAL
alli B _BHEAR ULTINATE 3 48 (MAX SHERR
THICKNESS OF WASHER [in] { 063 NDi TIM . _ﬁTSH_ :
OUTER DIAMETER OF WASHER [in] 0.625 D747 (MAX SHEAR)
HOMINAL CONFIGURATION MINIMUM MOS8 0 T4T
INNER DIAMETER OF WASHER [In] 039 NO!IINAL CO_H'FIGURA'HON MINIMUM ULTIMATE MOS 0 74T
BOLT HEAD DIAMETER |in] 0.582 E i a
FLANGE DATA : o 3 T
THICK OF FLANGE 1 [In] 0.236 T A 22
THICK OF FLANGE 2 [in] [oR] FLANGE 2 . BEARING YIELD 2810
CIAMETER OF HOLE [In] 0.375 NOMINAL CONFIGURATION MINIHUM MO$ FLANGE 1 - BEARING ULTIMATE

Table 8-18: JOINT 6 — nominal configuration
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8.23.7 JOINT 7: VSB BODY / LHP VSB BKT (NOMINAL CONF.)

VSB BODY / LHP VSB BKT Joint 7 are NAS1351C08-6 bolts made of stainiess steel A286-80 ksi,
Next image shows the bolt location.

Joint 7

Figure 8-67: Joint 7

Next images show the forces on Joint 7 bolts {worst cases).
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In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
_ TEWP FACTORF ATE BIRENGHT Dot
BOLT NAS1352C08-6 TEMP FACTOR FOR YIELO ATRENGHT (17
—WASHER1 —NESE20C8L ULTIMATE TENSILE ALLOWABLE STREBS [ka(] 80
VIELD TENSILE ALLOWABLE STRESS lnafl 00
WASHER 2 NA TEMP FO us FI7]
NUT MS1291C08M MODULYS OF ELASTICITY [hal I
INSERT NA THERMAL COEFF « HOT |1 I B1
THERMAL GOEFF - COLD [1E] T8
INSERT IN FLANGE NA
INSERT MATERIAL PROPERTY DATA
NUMBER OF FLANGES 2 ~ExE FACTO e E STRENeT— oy —
LUBRICATED NO ULTIMATE TENBILE ALLOWABLE BTRESS [ksl} A ]
FLANGE 1 NAME LATERAL BKT NUT MATERLAL PROPERTY DATA
FLANGE 1 MATERIAL PE_E_K TEMP F.M:.I::I: FOR ULTIMATE S::EENGHT 094
FLANGE 1 MATERIAL SPEC e T T TS i
FLANGE 1 THICKNESS [in] 0118 T = T —
ER MATERIAL PROPERTY DATA
FLANGEF:AHNOGLEE szEETER i D\:S? TEMP FACTOR FOR MODULUS 1
FLANGE 2 MATERIAL CFRP HODULYS OF ELASTICITY [kal) 20100
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROPERTY DATA
FLANGE 2 THICKNESS [In] 0.078 TEWP FACTOR [OR MODULUS OF FLANGE 1 )
TEMP FACTOR_FOR MODULUS DF FLANGE 2 1
r_FLMmm 0.164 TEMP FACTOR FOR ULTIMATE STRENGHT OF F! QE 2 A
NOMINAL CONFIGURATION BOLT] [ ULTIMATE SHEAR ALLOWABLE 8TAESS OF ELANGE 2 [psi] )
LOADS uLUE FOR F kel 5300
MODULUS OF ELASTICITY FOR ELANGE 2 [hel w000
MAX ANIAL - CONFIGURATION 1D NOMINAL THERMAL COEFF OF FLAkoR 1 B :
MAX AXIAL - ELEMENTY ID 2083341 —J—M"—LMI S AL EOEYE OF TLANGE 7 HOY IEL-e1dea] g
MAX AXIAL - LOAD CASE ID 28 THERMAL COEFF OF FLANGE 2 - COLD |1EL-8)idep) 1
MAX AXIAL - AXIAL LOAD iN] 85 \."ll:l.‘:;rlmlﬂg.gl. OWABL !TR:IESS:OFR FLAND! 01 2 D:Aog
max axlal - axial load [ib] £33 g
DLTIMATE BEARING ALLCWABLE STRESS FOR FLANGE 2 [pal] BO00
[ MAXAXAL - SHEAR LOAD [N) 8536 VIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal WA
max axlal - shear load Jib 1918 TORQUE AND PRELOAD DATA
MAX SHEAR - CONFIGURATION |1D NOMINAL MAX TORQUE {1 In] a0
MAX SHEAR - ELEMENT ID 7T T L — L1
MAX SHEAR - LOAD CASE ID T — o
MAX SHEAR - AXIAL LOAD [N] SAME AS MAX AXIAL COEFFICIENT OF UTILLZATION [%] 80567
max shear - axial joad §Ib LADING PLANE FACTOR 05
MAX SHEAR - SHEAR LOAD [N INCETRAINTY 035
[ max shear- shoar load [ib) __ E— (T 02
MAX COMBINED - CONFIGURATION 1D NOMINAL o WA ol ‘

MAX COMBINED - ELEMENT 1D 03 CALCOLATION + CONFIGURATION 10 FOINRAL
MAX COMBINED - LOAD CASE D JOINT SEPARATION 1 B3 (MAX AXIAL)
MAX COMBINED - AXIAL LOAD [N]__| SAME AS MAX AXIAL | | |———— — DIRECTTENSION ULTIMATS 55 (WAX AXIAL}

max comblned - axlat load |lb 'ru‘rﬁerrzua:‘;liolrl.::i:r )%
MAX COMBINED . SHEAR LOAD [N ORI £ o
max combinad - shear boad fib] DIRECT THREAD SHEAR ULTIMATE 9 A1 (MAX ANIAL)
WASHER DATA TOTAL THREAD SHEAR ULTIIIBTE 0 B4 (WAX AXIALY
L A P _SHEAR ULTIMATE 0 27 WAX AXIALY
THICKNESS OF WASHER [in] 0018 NDING ULTIW > 10
OUTER DIAMETER OF WASHER [In] 0.304 COMEINED SHEAR,_TENSION AND BENDING ULTIMATE T D3 (MAX AXIAL)
NOMINAL CONFIGURATION MINIMUM MOS 203
INNER DIAMETER OF WASHER [in] 0 169 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS D03
- e ! — —
BOLT HEAD DIAMETER [In] 0.27 1
FLANGE DATA ELANGE L NG UL TE .c’i'fz
THICK_OF FLANGE 1 [in) [RIT ————M—L‘Lﬂ ALGE 3 - EARING ULTIMATE BE
THICK OF FLANGE 2 [in] 0.079 FLANGE 2 . BEARING YIELD NA
DIAMETER OF HOLE [in] 0.184 NOMINAL CONFIGURATION MINIMUM MO3 FLANGE 1+ BEARING ULTIMATE
Table 8-19; JOINT 7 — nominal configuration
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8.2.3.8  JOINT 6: VSB SUPPORTS/ LHP VSB STAND-OFF JOINT (NOMINAL CONF )

VSB SUPPORTS/ LHP VSB STAND-OFF Joint 8 are DIN 912 M5x12 bolts made of stainless steel A2-70.
Next image shows the bolt location.

Joint B

Joint 8

-

Figure 8-69: Joint 8

Next images show the forces on Joint 8 bolts (worst cases).
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i Figure 8-70: Forces on JOINT 8 — Max Axial and combined — Load case 03
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In the following table input and output data are shown.

B
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT ok
BOLT DIN 912 M5x12 JEMP FACTOR FOR YIELD STRENGHT 054
WASHER 1 DIN 125A.M5 ULTIMATE TENSILE ALLOWABLE STRESS [kal] 101528
— —— | |———— YIELD JENSILE ALLOWABLE BTRESS [ke) 5287
WASHER 2 NA MNP FOR MODULU (7]
NUT NA MODULUS OF ELASTIGITY [kal] 29100
THERMAL COEFF + HGT [1E[-aVdsg] 7
INEEi;?f:];IANGE 1.N94992 M5x1d THERMAL COEFF - COLD [E[- 25
NUMBER OF FLANGES 2 INSERT MATERIAL PROPERTY DATA
[T I £} I
LUBRICATED NO ULTIMATE TENSILE ALL OWABLE BTAESS [kal] itd 1
FLANGE 1 NAME VS8 _NUT MATERIAL PROPERTY DATA
FLANGE 1 MATERIAL PEEK TEMP FACTOR FOR ULTIMATE STAENGHT NA
—_—— TENSILE ULTIMATE ALLOWABLE BTREBS {pu1] NA
FLANGE 1 MATERIAL SPEC L. TIMATE AMIAL LOAD [16] N
FLANGE 1 THICKNESS [in] 0.197 -
FLANGE { HOLE DIAMETER {In] 0.2 "“"E:#?Eg:‘;::f::u':g DATA -
FLANGE 2 NAME VSB1STAND OFF
FLANGE 2 MATERIAL AL 7075 77351 MODULUS OF ELASTICITY [kaT] 2010
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROFERTY DATA.
FLANGE 2 THICKNESS [In] 0.236 TEMF FAGTOR FOR MODYLLS OF FLANGE 1 1
TEMP FACTOR _FOR MODUL US OF FLANGE 2 1
FLANGE 2 HOLE DIAMETER |in] 0.2 TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 [T
NOMINAL CONFIGURATION BOLT| [ ULTINATE BHEAR ALLOWARLE STRESS OF FLANGE 3 [pui] 7009 8%
LOADS T S OF ELASTICITY FO| g 350
MODULUS DF ELASTICITY FOR FLANGE 2 [uaf] 10500
MAX AXIAL - CONFIGURATION ID NOMINAL 17:::: C:EFFFFO:FFW:E 1-‘:::1; 11EE-! da z
AL COE| i [1E{-8)ideg)
MAX AXIAL - ELEMENT |D 2186038 THERY 3 G i
MAX AXIAL -LOAD CASE IB 3 THERMAL COEFF OF FLANOE 2. COLD [+E[-8}deg] 4118
AL LA - P LD T 84 wgggrgggmg‘ulwml.e araa:s:?;ao?uuog 1 |1ug
Tl - NA
maxaxial axéal load [Ib] ;8 u GLTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pai] 07000
MAX AXIAL - SHEAR LOAD [N} 7.5 YIELD GEARING ALLOWABLE BTRESS FOR FLANGE 2 [pai] 7000
ax axial - shear load [Ib] 219 TORQUE AND PRELOAD DATA
MAX SHEAR = CONFIGURATION ID NOMINAL MEX TORQUE [t In] 200
MAX SHEAR - ELEMENT ID 2186038 — mexjoruup(Nm] 23
MAX SHEAR - LOAD CASE ID 1 —tmrmmanion e
MAX SHEAR - AXIAL LOAD [N] 359 COEFFICIENT OF UTILLZATION [%] TO 8T8
max shear - axial load [Ib] .1 LADING PLANE FACTOR 05
MAX SHEAR - SHEAR LOAD [N] 1394 PRELOAD UNCETRAINT 035
max Shear - shear load [ib] 313 TORQUE COEFFICIENT o2
MAX COMBINED - CONFIGURATION ID NOMINAL OF
MAX COMBINED - ELEMENT ID MDS CALGUEATION - CONFIGURATION 1D ROMNAL
MAX COMBINED - LOAD CASE ID JOINT BEFARATION 8 58 (MAX AXIALY
MAX COMBINED - AXIAL LOAD [N} CIRECT JENSION ULTIMATE 43 13 (MAX AXIAL)
max combined - axial load [Ib SAME AS MAX AXIAL TMRECT TENSION YIELD 4430 (MAX AXIAL}
MAX COMBINED - SHEAR LOAD [N TOTAL TENGION ULTIMATE 118 {MAX ANIAL
D [N] | ON YIELD ] TAL
max combined - shear load [1b] DIRECT THREAD S8HEAR ULTIMATE 63 B9 (MAX ANTAL |
TOT& THREAD EHE gynnng 2 'l!!MAK AXIAL Y
WASHER DATA MAT] 12 0 (WIAK SHEAR]
THICKNESS OF WASHER [in] 0.039 NDING ULTIM, X5
OUTER DIAMETER OF WASHER jin] 0.394 COMBINED SHEAR, TENSION AND BENDING ULTIMATE 1 158 (MAX AXIAL
NOMINAL CONFIGURATION MIMIMUM HOS 0 368
INNER DIAMETER OF WASHER (In] 0.21 NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 1158
- T p— o |m’ mmm
BOLT HEAD DIAMETER [in] 0335 - i ARG
FLANGE DATA LANGE 1- BEARING U TIMA] nN:a
THICK OF FLANGE 1 [in] 0.157 OF 2 - BEARING ULTIMATE 570
THICK OF FLANGE 2 [in} 0.238 FLANGE 2 - BEARING YIELD (XN
DIA_NLE_TER OF HOLE [in] 0.2 NOMINAL CONFIGURATION MINIMUM MOS8 FLAKGE 1- BEARING ULTIMATE

Table 8-20: JOINT 8 — nominal configuration

Questo documente conliene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritli sono riservati.
All information contained in this docurnent are property of CARLO GAVAZZI SPACE SpA. All right reserved.




- AMS02 - TCS
v CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS
CARLO GAVAZZI SPACE SpA REPORT

N* Doc:
Doc N°:

Ediz.:
Issue:

Pagina
Page

AMSTCS-TN-CGS-011

Dala:
1 o 31/03/2008

di
13¢ 9 200

8.2.3.9 JOINT 9: VSB BODY/VSB COVER (NOMINAL CONF.)

VSB BODY/VSB COVER Joint 9 are NAS1351C3-8 bolts made of stainless steel A286 — 80 ksi.

Next image shows the bolt location.

Joint 9

Figure 8-72: Joint 9

Next images show the forces on Joint 9 bolts (worst cases).

Quesio documento conliene informazioni di proprield di CARLO GAVAZZ]| SPACE SpA. Tutti i diritti sono riservali,
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved,




' N Do AMSTCS-TN-CGS-011
AMS02 - TCS

CamLD QENKER Ediz.: Dala:
v Issue: 1 Date: 31/03/2008
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagil‘la 1 di
CARLO GAVAZZI SPACE SpA REPORT Page 35 o 200

MSC Frdran 2008 26-Mar0l 114920
Vet SCY 317 757 +19 757 Al Stohe Subcaee Ber Facer Trarsishonnl AsCamar 6 40+02)

defaull Vedtor
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Figure 8-73: Forces on JOINT 8 — Max Axial — Load case 07

defaull_vector
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Figure 8-74: Forces on JOINT 9 — Max Shear and combined — Load case 02

In the following table input and oulput data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT TEL
BOLT NAS1351C3-8 5 TT 'fr EA% .1 !T ; n:u‘
WASHER 1 NAS620C416 o I "ATRES, >
WASHER 2 NA TEMP FACTOR FGR MODULUS o064
NUT MS21060-L3 MODULUS OF EL ASTICITY [kyi| 20100
NSERT N THERMAL COEFF - HOT [1E[-8deg] X
THERMAL COEFF - COLD [1E| 78
NlI}:dSBE:';F (I:)NF ;ﬂr:JGGEEs NzA INSERT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT HA |
LUBRICATED NO ULTIMATE TENSILE ALLOWABLE STRESS [kal] NA |
FLANGE 1 NAME vsa __NUT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENOMT [T
FLANGE 1 MATERIAL CFRP TeNsi AT ] 3
FLANGE 1 MATERIAL SPEC ULTIMATE AXIAL L OAD |1] At
FLANGE 1 THICKNESS [in] 0.079
FLANGE 1 HOLE DIAMETER [In] 0.15 Wﬂ%ﬁmgfﬂﬂg DATA :
FLANGE 2 NAME BEAM ASSY
FLANGE 2 MATERIAL CFRP MODULUS OF ELASTICITY [kat] 20100
FLANGE 2 MATERIAL SPEC FLANGE MATERIAL PROFPERTY DATA
FLANGE 2 THICKNESS [In] 0.079 M T R FLANGE 1 1
& ULUS OF 2 1
FLANGE 2 HOLE DIAMETER [In] 0.18 _‘I'Ell; FACTOR FOR ULTMATE STRENGHT OF FLANGE 1 Ty
NOMINAL CONFIGURATION BOLT] [ ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [pai} NA
LOADS MODULYS OF ELASTICITY FOR FLANGE 1 [wel] %000
MODUEUS OF ELASTICITY FOR FLANGE 3 {kal] %000
MAX, AXIAL - CONFIGURATION ID NOMINAL | _THERMAL COEFF OF FLANOE { « HOT [1E[-B)ideg] il
MAX AXIAL - ELEMENT ID 2083350 ————ZEEROL O AEELINOR . A DL LR A aon) THER !mc COEFE ng i !!EEZ‘- HOT 11 E[.ﬂ!ﬂd.lll :
MAX AXIAL - LOAD CASE ID 7 THERMAL COEFF OF FLANGE 2 . COLD [1E[.$)ideg] 1
MAX AXIAL - AXIAL LOAD jN] 1.7 nm W, y amT e GE 1 E U0
max axial - axial load [ib] 26 | YIELD DEARING ALLOWABLE BTRESS FOR FLANOE 1 (pei] NA
ULTIMATE BEARING ALLOWABLE STAESS FOR FLANGE 2 [psi] 50000
MAX AXIAL - SHEAR LOAD [N] 6359 YIELD REARING ALLOWABLE STREBS FOR FLANGE ? [paf] A,
max axial - shear load {Ib] 143 8 TOROQUE AND FRELOAD DATA
MAX SHEAR - CONFIGURATION ID NOMINAL MAX TORGUE [1h jn] w0
MAX SHEAR - ELEMENT ID 2083378 ——ﬁ'{ﬂsﬁ%ﬁL 1'110
N e MINTORQUE[ibTn]
MAX SHEAR - LDAD CASE |D 2 : min torgus N ) o
MAX SHEAR - AXIAL LOAD [N} 6B COEFFICIENT OF UTILIZATION (%) B4 021
max shear - axial load {Ib) 158 LADING PLANE FACTOR 05

MAX SHEAR - SHEAR LOAD [N] B88 1 PRELOAD UNGETRAINTY 038

max shear - shear load [ib) 154 7 — JORQUE COEFFICIENT = g2
CONFIGURATION
MAX COMBINED - CONFIGURATION ID HOMINAL w oS,

MAX COMBINED - ELEMENT ID MOY CALCULATION - CONFIGURATIONID ROMIRAL
MAX COMBINED - LOAD CASE D JOINT SEPARATION 49 B (MAX AJTAL)
MAX COMEINED - AXIAL LDAD [N] [ DIRFCT TENSIDNULTIMATE 74T 12 (WA AR ]

max combimed - axial load fIB]___| e A5 MAX SHEAR | | I one¢Tvermonvies 28 b4 (n AXIAL] ]
ORBINED SHEARILOADIN TOTAL TENSION ULTIMATE 1.0 (MAYX AXIAL)
MAX C o OAD [N] | TOVAL TENBIOR MELD T 6 (MAX AXIAL)
max combined » shear Lead [ib] DIRECT THREAD SHEAR ULTIMATE 2865 54 TRIAR AN AL |
TOTAL THREAD SHEAR ULTINATE 149 [MAX AXAL)
WASHER DATA SHEAR ULTIMATE 7 22 (MAX SHEAR)
THICKNESS OF WASHER [In] 0.083 BENDING ULTIMATE > 10
CUTER DIAMETER OF WASHER [In} 0468 COMPINED SHEAR, TENSION AND BENDING ULTIUATE D BD (MAX SHEAH)
NOMINAL CONFIGURATION MINIMUM MOS o6
INNER DIAMETER OF WASHER [In] 0.255 NOMINAL CONFIGURATION MINIMUS ULTIMATE MOS -
BOLT HEAD DIAMETER [In] 0.312 UM, Y OF MARGINE FOR IEARING FLANG
FLANGE DATA [ FLANGE1.BEARING ULTIMATE FE)
THICK GF FLANGE 1 [in] 0.078 T TR T e o
THICK OF FLANGE 2 [In] 0.07% FLANGE 2 . BEARING YIELD NA
DIAMETER OF HOLE fin] 0.18 NOMINAL CONFIGURATION MINIMUM MOS FLANGE 2 - BEARING ULTIMATE
Table 8-21: JOINT 9 — nominal configuration
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8.2.3.10 JOINT 10: BIMETALLIC SUPPORT BKT/RADIATOR (NOMINAL CONF.)

BIMETALLIC SUPPORT BKT/RADIATOR Joint 10 are NAS1351N3LE12 bolts made of stainless steel A286 —
160ksi.

Next image shows the bolt location and numeration.

Joint 10

Figure 8-75; Joint 10
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Figure 8-76: Joint 10 numeration pattern

Next images show the forces on Joint 10 bolts (worst cases). The resulting force has been considered to perform
the analysis
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Figure 8-77: Forces on JOINT 10— Max Axial — Load case 27
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Figure 8-78: Forces on JOINT 10 — Max Shear and combined — Load case 29

In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
JEMP F; OR ULTIMAT ENOHT D04
BOLT NAS135INGLEIZ | TEWP FACTOR FOR YIELD STRENGHT [T
WASHER 1 4N-A-§€20C1 oL ULTIMATE TENSILE ALLOWABLE STRESS [kal] 180
l— YIELDVENSN.E ALLOWABLE BTREES [ke])
WASHER 2 NA TEEE&LQBM.HEEERM ﬁ
NUT NA MODULUS OF ELASTI 0 29100
INSERT MS21209 F1-15L THERMAL COEFF - HOY [1E{-6)/deg) Br
TNSERT IN FLANGE 3 THERMAL COEFF - COLD [1E¢aVdeg] 55
NUMBER OF FLANGES ) INSERT MATERIAL PROPERTY DATA
JEMP FAGTOR FOR ULT Halgg EEHQH[ ¥
LUBRICATED NO ULTIMATE TENSILE ALLOWABLE BYREBS [kai] 5D
FLANGE 1 NAME BIMET BKT NUT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENORT ETY
ELANGE 1 MATERIAL EEEK TENSILE ULTINATE ALLOWABLE 8TA Y A
FLANGE 1 MATERIAL SPEC ULTIWATE AXIAL Loas [m] R
FILANGE 4 THICKNESS [In] 0238
FLANGE 1 HOLE DIAMETER {in] 021 WASHER MATERIAL PROPERTY DATA
TLANGE 2 NANE R TEMP FAGTOR FOR MODULUS [
FLANGE 2 MATERIAL AL 7075 T7351 MODULUS OF ELASTICATY [kal) 26100
FLANGE 2 MATERIAL SPEC FLANGE MATERLAL PROPERTY DATA
FLANGE 2 THICKNESS {In] 0.334  TEMP[ACIOR FOR MODLLUS OF FLANGE | T
TEWP FACTOR_FOR MODULUS OF FLANGE 2 0
EEANGEIZHOLETDIAMETERIIN] D221 TEMF FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 Tod
NOMINAL CONFIGURATION BOLT] ULTIMATE SHEAR ALLOWARLE STHESS O| GE 3 [paT] 37000 89
LOADS |——  MODULUG OF ELASTICITY FOR FLAMGE { [kall 1300
¥ 0DULYE OF ELATICITY FOR FLANGE 2 [hal] 10500
MAX AXIAL - CONFIGURATION ID NOMINAL | ———iERWAL COEFF OF ILANGE 1. HOT (16(6icq] Y73
THERMAL LANGE 1 GOLO [1E[-8lideg] )
MAX AXIAL - ELEMENT ID A1 THE AL COETE OF TLANs e BOT TiE sty s
MAX AXIAL - LOAD CASE ID 27 THERMAL COEFF OF FLANGE 2 . COLD [1E{-8}idng] 123
MAX AXIAL - AXIAL LOAD [N] 7.4 | ULTIMATE BEARING ALLOWABLE NTRESS FOR FLANGE {loy] 20000
- : [ VIELD BEARING ALLOWABLE GTRES) FOR FLANGE 1 [puil WA
max al’:;iLaI axéuu:g A': N i:', ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pei] 102000
MAX AXIAL - SH IN] YIELD BEARING ALLOWABLE SYRESS FOR FLANGE 3 [pul] )
max axlal - shear load [Ib] 89 TORQUE AND PRELOAD DATA
MAX SHEAR » CONFIGURATION ID NOMINAL  WAXTORQUE{Ib____ QUE{IB In) Ang
MAX SHEAR - ELEMENT ID 2B2Z max toraue [N m) ]
MAX SHEAR - LOAD CASE ID 29 —shIonnuEih___ 2o
L miniemug[Nm]
MAX SHEAR - AXIAL LOAD [N] 823 COEFFICIENT DF UTILIZATION [%] 71893
max Shear - axial load [Ib} 40 LADING PLANE FACTOR 08
MAX SHEAR . SHEAR LOAD [N] 1691 6 PRELOAD UNCETRAINTY R
max shear - shear load [ib 380.3 - TORGUE COEFFICIENT oz
MAX COMBINED - CONFIGURATLON ID NOMINAL iimﬁ ﬁmﬁ i
MAX COMBINED - ELEMENT 1D MO8 CALCULATION - GOMFIGURATION |D_ NOMINAL
MAX COMBINED - LOAD CASE ID JOINT SEPARATION 27 §1 (MAX AXIAL)
MAX COMBINED - AXIAL LOAD [N] SAME AS MAX SHEAR  DIRECT TENSION ULTIMATE B8 A7 {MAX AXTAL
max comblned - axial foad [Ib] —mmg:;—’:‘%ﬁ‘ze %%U
o L (MAX AXIAL
MAX COMBINED - SHEAR LOAD [N] ETASERSRREE T o
max ¢combined - shear load [1e] CIRECT THREAD SHEAR ULTIMATE 73 92 (MAX ANEAL )
TOTAL THREAD SHEAR ULTIMATE 1B [MAX AXIAL
WASHER DATA SAEAR ULTHATE “T{m%
THICKNESS OF WASHER {In] 0032 NN >0
OUTER DIAMETER OF WASHER [ln] 0.354 COMBINED BHEAR, TENION AND BENDING ULTIMATE 0 43 (MAX SHEAR}
B NOMINAL CONFIGURATION MINIMUM M0OS Q3
INNER DIAMETER OF WASHER [in] 0.185 NOMINAL CONFIGURATION MINIMUM ULTIMATE WOS 043
HOSMRAL TION
BOLT HEAD DIAMETERJI_H] 031 -y Tt G
2 CEIDATA FLANGE 1- BE non;.o l;u“
| FLANGE1.REAFING VIELD _
THICK OF FLANGE 1 [in] 0.238 FLANGE 3 - REARING ULTIMATE aes
THICK OF FLANGE 2 [In] 0.384 FLANQE 2. BEARING WIELD 1066
DIAMETER OF HOLE [In] 021 NOMINAL CONFIGURATION MINIMUM MOS FILANGE 1 - BEARING ULTIMATE
Table 8-22: JOINT 10 — nominal configuration
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8.2.3.11 JOINT 11: VSB SUPPORTS/VSB BODY (NOMINAL CONF.)

VSB BODY/NVSB COVER Joint 11 are CR3522-5-05 rivets made of A286.

The allowable shear force for A286 rivets with 5/32 inch diameter size is 1545 Ibs (RD1).

Next images show the rivet location.

Joint 11
Joint 11

Figure 8-79: Joint 11

Next images show the forces on Joint 11 bolis (worst cases).

MEC Patrar 2005 27-4lae00 17 3013
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defaull_vecter
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Figure 8-80: Forces on JOINT 11 — Max Axial — Load case 05
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Figure 8-81: Forces on JOINT 11 — Max Shear and combined — Load case 04

The axial force has a negligible value, therefore the rivet verification has been performed considering only the
maximum shear force.

In the following table input and output data are shown.
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JUNCTION PROPERTIES BOLT MATERIAL PROPERTY DATA
RIVET CRA522-5.05 TEMP FACTOR FOR ULTIMATE STRENGHT .94
NUMBER OF FLANGES 2 TEMP FACTOR FOR YIELD STRENGHT o4
FLANGE 1 NAME VSB SUPPORT ULTIMATE TENSILE ALLOWABLE FORCE [Iba} 35
FLANGE 1 MATERIAL AL 7075 T1351 ULTIMATE SHEAR ALLOWABLE FORCE [lbs] 1545
FLANGE 1 MATERIAL SPEC TEMP FACTOR FOR MODULUS [
FLANGE 1 THIGKNESS fin] 7718 WMODULUS OF ELASTICITY [kel] 29100
[ FLANGE 1 HOLE DIAMETER [in] 0462 JHERMAL COEFF - HOT [E{-G)idep] 81
™ FLANCE I NAWE b THERMAL COEFE - COLD [1E{-6)/dsg] 78
U ANGEZ AT el PR INSERT MATERIAL PROPERTY DATA
= B SMATERIATISDEC TEWP FACTOR FOR ULTIMATE STRENGHT NA —1
LANG ULTIMATE TENSILE ALLOWABLE STRESS jkei) NA |
FLANGE 2 THICKNESS [in] 0.083
FLANGE 2 HOLE DIAMETER [In] 0.162 ELANGE MATERIAL PROPERTY DATA
s ) TEMP FACTOR_FOR MODULUS OF FLANGE 1 1
NOMINAL CONFIGURATION BOLT
LOADS TEMF FACTOR FOR MODULUS OF FLANGE 2 1
| WAX AXIAL - CONFIGURATION ID NOMINAL TEMP FACTOR FOR ULTIMATE STRENGRT OF FLANGE 2 NA
MAX AXIAL - ELEMENT |D 2081820 ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [pal] NA
MAX AXIAL - LOAD CASE 1D 7 MODULUS OF ELASTICITY FOR FLANGE 1 [kal] 10500
MAX AXIAL - AXIAL . OAD 1400 MODULUS OF ELASTICITY FOR FLANGE 2 (kal] 5000
max pxial - axlal foad [ib] N5 THERMAL COEFF OF FLANGE 1 - HOT [1E{-6)'deq] 1215
MAX ANIAL - SHEAR LOAD [N} 93 THERMAL COEFF OF FLANGE 1 COLD [1E{-)deg] 121
max axial - shaar load [1b] 23 THERMAL COEFF OF FLANGE Z - HOT [1E(-6)deg] 1
MAX SHEAR - CONFIGURATION 1D NOMINAL THERMAL COEFF OF FLANGE 2 - COLD [1E{-8)/deg] 1
MAX SHEAR - ELEMENT ID 2083165 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE % [pel] 102000
MAX SHEAR - LOAD CASE ID & YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 76000
MAX SHEAR - AXIAL LOAD [N] 57.1 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pai) )
max shear - axla! load [ib] 128 YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [ps]] NA
MAX SHEAR - SHEAR LOAD [N] 12643 R _,W“mm N
- shose load b 284 2 - ___ BUNNARY DF NS FOR BOLTS
LA MOS CALCULATION - CONFIGURATION IB NOMINAL
WAX COMBINED - CONFIGURATIONID NOMINAL AXIAL ULTIMATE 7 25 (MAX AXIAL)
MAX COMBINED - ELEMENT ID SHEAR ULTIMATE _ 123 (MAX SHEAR]
WAX COMBINED - LOAD CASE ID NOMINAL CONFIGURATION MINIMUM MOS 133
MAX COMBINED - AXIAL LOAD [N] SAME AS MAX SHEAR
max combined - aalal Ioad [Ib]
MAX COMBINED - SHEAR LOAD [N]
max combined - shear Inad [ib]
FLANGE DATA
[ THICK OF FLANGE 1 [in] 0.236
THICK OF FLANGE 2 [in] 0.394
DIAMETER OF HOLE [in} 0.21

Table 8-23: JOINT 11 — nominal configuration
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8.2.3.12 JOINT ANALYSIS MOS SUMMARY FOR NOMINAL CONFIGURATION

In the following tables MoS summary for joint analysis is presented.

BOLTED JUNCTION (Joint 1-10)
MOS TYPE MoS Joint
JOINT SEPARATION 0.19 2B
DIRECT TENSION ULTIMATE 3.19 2B
DIRECT TENSION YIELD 3.61 2B
TOTAL TENSION ULTIMATE 0.45 3A
TOTAL TENSION YIELD 0.25 7
DIRECT THREAD SHEAR ULTIMATE 4,09 2B
TOTAL THREAD SHEAR ULTIMATE 0.47 3B
SHEAR ULTIMATE 0,22 7
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.03 7
FLANGE 1 - BEARING ULTIMATE 0.0002 7
FLANGE 1 - BEARING YIELD 3 2B
FLANGE 2 - BEARING ULTIMATE 1.35 7
FLANGE 2 - BEARING YIELD 7.64 4
RIVETS (Joint 11)
MOS TYPE MoS
AXIAL ULTIMATE 7.25
SHEAR ULTIMATE 1.23
Table 8-24: Joint analysis MoS summary in nominal configuration
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8.2.4 LOCAL BUCKLING ANALYSIS FOR NOMINAL CONFIGURATION
The stress buckling analysis has been performed on the following item:

» 8241 SPOKES

The Eulerian buckling has been considered and the following formula has been used to calculate the allowable
compressive load (see RD 4):

For Eulerian buckling of bars the following formula

2
T
P,= =D
er (L rCJ

Where:
= L [m] is the bar length
= E [Pa] is the elasticity modulus
» | [m% is the minimumn moment of inertia of the bar section
= C is the fixity coefficient that depends on the constraint typology (See next figure)

9
(217

vy

Fixed rotation configuration (C=1/4)

Figure 8-82: Eulerian buckling geometry
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8.2.4.1 SPOKES

The buckling instability analysis for the GFRP spokes has been performed considering the maximum applied axial
load on spokes resulting from the bolt verification (chapter 8.2.3.3 ).
The following table show the obtained results.

AMS Zenith Radiator Buckling Analysis Result Table

Description Results Note
Ds Spoke Diameter [mm] 3[Chp.5.5.2
L Spoke length [mm] 55|Chp. 5.5.2
SFy Safety factor Buckling 2|Chp. 7.1
Eerre | E-modulus GFRP spoke [Mpa) 35000 | Chp. 5.4.9
A Cross Section [mm?] 7.1
L Critical Buckling length [mm] 27.5
I Moment of inertia fmm®*] 4.0
Fax Maximum applied force [N] 606.00 | Chp. 8.2.3.3
Bg Critical buckling force [N] 1816.2
MoS, |Margin of Safety for buckling 0.49

Table 8-25 Spoke buckling analysis results

8.2.4.2 INSTABILITY ANALYSIS MOS SUMMARY FOR NOMINAL CONFIGURATION

MARGIN OF SAFETY FOR LOCAL INSTABILITY
ITEM | DWG NUMBER[LC] EID [MATERIAL] Faprueopg] Fepq | SF | MoS NOTE

Force Calgulation
SPOKES NA 2714587529 GFRP 608 1816.2 2 |0.49 for Eulerian instability

Table 8-26: MOS summary table for local buckling - spokes

Questo documento conliene informazioni di proprietd di CARLO GAVAZZI SPACE SpA. Tutti i diritli sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




- N Do AMSTCS-TN-CGS-011
AMS02 -TCS

Ediz.; Data:
' msue: 1 pater 31/03/2008
CRYQ TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina 146 di 00
CARLO GAVAZZI SPACE SpA REPORT Pesi i g

B8.2.5 INSERTS AND BONDED JOINT VERIFICATION FOR NOMINAL CONFIGURATION
The following connection has been verified:

Zenith Radiator panel inserts;

Condenser line-radiator skin connection;

Radiator panel skins-Rohacell connection verification;
Spokes GFRP bar — Titanium ends verification.

B.2.51 ZENITH RADIATOR PANEL INSERTS

From the bolt analysis (chp. 8.2.3 } the inserts maximum axial and shear forces are determined.
The following table summarizes the force entities and locations.

CONNECTED ITEMS FORCE [N] REMARKS
Spokes-Zenith Radiator 608 Maximum Axial Force

acting on inserts
Bimetazllic joint bracket- 1691.6 Maximurmn Shear Force
Zenith Radiator acting on inserts

Table 8-27 Maximum forces acting on the Zenith radiator Inserts

These forces have been compared to the inserts test results of RD 19.

In particular the test has been performed on a smaller insert size, but using the same glue (EC2216) on the same
materials.

The following figures show the comparison of the inserts geometry.
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Figure 8-83: On top the tested insert drawing, on bottom a zenith radiator insert

The tested inserts have a lower glued area than the zenith radiator inserts, therefore the RD 19 results can be
considered conservatively as allowable force values for the current design to be verified.
The following table summarizes the obtained MoS.

DESCRIPTION VALUE REMARKS
Safety Factor for 2

insert verification

&x]lal Allowable Force 1900 RD 19
Shear Allowable

Force [N] 6498 RD 19
Applied Max. Axial

Force [N] 608 Chp.8.2.3.3
Applied Max. Shear

Force [N] 1691.6 Chp. 8.2.3.10
MOSAXML 0.56

MOSSHEAR 0.92

Table 8-28 Zenith Radiator Insert verification summary
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8.2.5.2 BONDED JUNCTION VERIFICATION

The bonded junctions have been verified calculating the interface forces between the glued parts. In particular the
nodal forces (freebody loads) have been calculated from the following interacting items:

» Condenser Line — Radiator Panel (Upper skin and Rohacell);
* Radiator skins — Radiator Core and Condenser Line.

In order to obtain an applied stress value the worst forces have been compared to an influence area,

F Freebody
A

Toue =
Influence

Where

T 18 the stress value on the bonded junction (the same formulation is used for the shear stress calculation);
F o cebony 18 the nodal interface worst force obtained by FEA;

A is the force application area.

Intluence

This stress has to be compared with the used glue allowable stress limit (both tensile and lap shear).
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8.2.5.2.1

CONDENSER LINE RADIATOR PANEL VERIFICATION

For the Condenser line the product of the bar element length corresponding to the worst case force node (that is on
the small bar element of condenser iine) and a lower limit for the possible glued section length has been used as

force application area.

The considered measures are shown in the following figures.

Worst Axial
Force
Worst Shear
Force
. ot ® ®
g H

Length used to calculate the force
application area.

b-2.5 mmn

=
Va
Ara / 1= Loy 10.5 mn
s

A

o

~
T

> /‘\

N A

\

: A%
/x’ N\ \

Figure 8-84: Force Application Area for the Condenser Line

The adhesive used to connect the condenser line to the radiator skin is the thermally conductive Master Bond EP

21TDC (RD 20) .

The worst case is for Node 164838 for the Load Case 27 (both for axial and shear).

The following table summarizes the cbtained MoS.

. Glue
foad Case] Node Force Aron Stress on Glue| SF Allowable Stress MoS Note
27 164838| 36.2 2.63E-05 1.38 2 7.3 1.6 |Maximum axial load case
27 164838 80.3 2.63E-05 3.06 2 6.8 0.1 |Maximum shear lcad case

Table 8-29: MOS summary table for condenser line — radiator skin bonded connection
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8.2.5.2.2 ZENITH RADIATOR CONDENSER LINE-PANEL SKIN VERIFICATION

For the Radiator skin the smallest element placed in the radiator skin most stressed part has been used as force
application area.

The following figure shows a superimposition of elements stress due to all the load cases {chp. 6) and it highlights
the radiator skin part used to determine the influence area.
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Figure 8-85: Force Application Area for the Radiator Skin

The adhesive used to connect the Radiator Skin to the Rohacell core is the EC2216 (RD 21).
The worst case is for Node 2726744 for the Load Case 28 (both for axial and shear) placed on upper radiator skin.
The following table summarizes the obtained MoS.

Glue
Load Case| Node Forca Area Stress on Glue| SF Allowable S Mo8 Note
28 2726744 289.2 6.50E-05 4.45 2 18 1.0 |Maximum axial load case
28 2726744 479.0 6.50E-05 7.37 2 22 0.5 [Maximum shear load case

Table 8-30: MOS summary table for radiator skin — Rohacell core connection
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8.2.5.2.3 SPOKES GFRP BAR - TITANIUM ENDS VERIFICATION

For the Spokes GFRP bar-Titanium ends connection the considered glued surface is shown in the following figure.

Ds
—t—t—— Titanium upper end
21y ) /
N
NN |
[7 4 72 —
Ds =0.003 m
LA=0.01m

GFRP bar

YA 770977,

Titanium lower end

7

Figure 8-86: Spokes GFRP bar-Titanium ends connection geometry

The adhesive used to connect the Spokes GFRP bar and Titanium ends is the EC2216 (RD 21).
The worst axial load case is for ElIm 4587529 for the Load Case 27.
The following table summarizes the obtained MoS.

Glus
Load Case| Node Force Area Stress on Glue | SF Allowable Stress MoS Nots
27 4587529 608.0 9.40E-05 6.47 2 22 0.7 |Maximum axial load case

Table 8-31: MOS summary table for Spokes GFRP bar-Titanium ends connection
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8.2.5.3 INSERTS AND BONDED JOINT MOS SUMMARY FOR NOMINAL CONFIGURATION

MARGIN OF BAFETY FOR tHSERTS AND BONDED JUNCTION

ITEMS Load Gasa| 1D Forco | Amea | Btross onGhua] SF | Allowabie Force/Stress Mo MoB Hote

e 27 4587259 608 - - 2 1900 N 0 58|Maximum axial Ipad case
29 2B? 1681.6 - - 2 65480 N 0.82|Maximum shear load case

. . 27 164838 36.2 2.83E-05 138 2 7.3 MPa 1.8 fMaximum axial load case

S (el TR a7 16as38] 803 | 26305 308 2 55 iPa 0.1 [Maxmum shear load case
. 28 2726744| 289.2 5.50E-05 4.45 2 18 MPa 1.0 |Maximum axal loas case

- 1)

e el R 28 |2r2874a] 4750 | 6.50E-05 737 2 7] MFa 05 |Maximum shear lcag case
Spoks GFRP bar - Titanum ends 27 4587579] 6080 | 8 40E-05 6.47 2 22 MPa 0.7 |Maximum awal ioad case

Table 8-32: MOS summary table for inserts and bonded junction

8.2.6 BIMETALLIC JOINT VERIFICATION

The following figure shows the bimetallic joint shape.

To the condenser line

Aluminium part

Steel part

To the LHP transport lines

Figure 8-87: Bimetallic Joint

In the CRYO TCS system the bimetallic joint has been modelled as a concentrated mass fixed by a RBE2 rigid
element to the bimetallic support bracket.

The joint verification has been performed taking from the FE analysis the worst axial and shear forces and
calculating the MoS using the bimetallic joint vendor datasheet.

The Worst axial condition is for Load Case 28 on bimetallic joint placed on the bimetallic support bracket 2A and
the force value is 30.7 N.
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Figure 8-88: Bimetallic joint axial worst case for LC 28
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The Worst shear condition is for Load Case 29 on bimetallic joint placed on the bimetallic support bracket 2C and
the force value is 34.8 N.

MSC Patran 2006 12 01-Apr-08 12 1964 3 48+001
Veclor Default. A9 Static Subcase MPC Constrant Forces, Translational, . (NON-LAYERED) 317+001

’f 286+001

/ 6 33+-00
- 4 . y
‘ ‘

3174

. defaul_Vector
3 Max 3 46+001 @Nd 100785
Min 0. @Nd 370168

MSC Pafran 2005 r2 01-Apr-08 12 20 38 3 48+001
Veclor Default. A3 Static Subcase. MPC Constramt Forces. Translational, . (#ON-LAYERED) 317+001

&"x defautt_Vector
Max3 484001 @Ng 100786

Mn 0 @Nd370168

Figure 8-89: Bimetallic joint shear worst case for LC 29

The following table summarizes the obtained MoS.

v =g Bi-metallic | : .
Load Case D Force SF Allowable Force MoS | Nm
28 2A 20.7 2 24875.00 >40 Maximum axial load case.
The allowable force values reference is RD 18
Maximum shear load case,
28 2¢ 34.8 2 st i The allowabie force values reference is RD 18

Table 8-33: MOS summary fable for bimetallic joint
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8.2.6.1 BIMETALLIC JOINT MOS SUMMARY FOR NOMINAL CONFIGURATION

MARGIN OF SAFETY FOR INSERTS AND BON y s ==
TEMS LoadCasel 1D |Force| SF | Allowable [T g Nots
: - Forge <4l
- Maximum axial [oad sase,
Bi-metallic jolnts - A WLTg| E40 g 1 The..'ﬂlawable foram valies raference is RD18
29 2c | 3480| 2.00 6055.5 »qq  |Meximum shear load case :
The alliowable [oree values reference is RD18|

Table 8-34: MOS summary table for bimetallic joint
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9. CRYO TCS SYSTEM AND VSB STRUCTURAL ANALYSIS FOR FAIL SAFE
CONFIGURATION

All junctions that provide redundant load paths are considered as fail safe items.

In the considered fail safe configuration the most loaded bolt has been removed from the model (see Table 8-24)

Then, 11 new finite element models have been generated in which the one by one the most loaded bolts have been

removed,.

The labels of the bolts that have been removed from the model are shown in the following tables:

Joint 01a
Joint 01b
Joint 02a
Joint 02b
Joint 03a
Joint 03b
Joint 04
Joint 05
Joint 06
Joint 07
Joint 08
Joint 09
Joint 10
Joint 11

For fail safe configuration, the following analyses have been performed:

= 91 DYNAMIC ANALYSIS FOR FAIL SAFE CONFIGURATION
= 972 STATIC ANALYSIS FOR FAIL SAFE CONFIGURATION

Table 9-6

Table 9-7

Table 9-8

Table 8-9

Table 9-10
Table 9-11
Table 9-12
Table 9-13
Table 9-14
Table 9-15
Table 9-16
Table 9-17
Table 9-18
Table 9-19

The purpose of the dynamic analysis is to find

COwy»

resonance frequencies modifications for the structure
load paths madifications inside the structure

internal forces and the stresses modifications inside the structure

which structure parts have to be verified if the resonance frequencies are changed
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9.1 DYNAMIC ANALYSIS FOR FAIL SAFE CONFIGURATION

The modal analysis has been reported for the fail safe configurations that give a frequency shift greater than 5 % of
the main modes of the structure. The comparisons between frequencies of nominal configuration and fail safe
configuration for Joint 1A, Joint 1B and Joint 6 respectively, are listed in the following tables. For each fail safe
configuration the main frequency shift is shown.

All modes up to 250 Hz with an effective mass greater than 5% are reported here below.

ey S NOMINAL = — -~ e e 10 FAILSAFE Joim 1A _ =
Mods ID FREQ. EFF. MASS EFF. MASS EFF. MASS Mode ID FREQ. EFF. MASS EFF. MASS EFF. MASS

[Hz] [X DIRECTION [kg]] Y DIRECTION [kg)| Z DIRECTION [kg]l [Hz] |X DIRECTION [kg}] Y DIRECTION [kg]| Z DIRECTION [kq]
1.933] 0.104 1.639 0,104 0.008

0.098] 2. 0.008] 2,004 0035

2.387 YOG 1,383( 4,202 0.006

2.367] 1091 2387 1091 0.002

1011 2483 2:387 1091 0.002

—Tgs3] 2.024) 1.011 2183 0.003

s.19_:| 1.362 s.108] 1.362 0.041

349 1,362 3.195] 1.362 0.041

1.505] 3. 0.043/ 125 139.83 1.505 _3.008] 0.043

1.:.1;] 3577 0 046, 142] 15535 0,057 0.035] 3.488

0.057 0 035] 3,485 145 15598 0.078 0.019] 4.103|

0.078| o.oig] 4403 146) 155.88 0.078 0.018| 4403

o.o1§| n.mgl 44 147 0.001 0.094] 3814

0.017, frasr] ¥ [ T 2.280 0.135 0.118

0.843] %I 0053 193  185.57 0.843 3402 0.053

0.843| 3.4 0.053 194 105.57 .843 3.482 0.053

:.L.-ﬂ 0.859] 0.062 1g5] 195.88 3.350 0.859| 0.062

1 zer 0.67¢] 0.085]

Table 9-1: Nominal vs Fail Safe Joint 1A, modal analysis

The relevant shift frequency for joint 1A fail safe configuration is shown.
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Figure 9-1: modal comparison Nominal / Fail Safe Joint 1A
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=TT ___NOMINALT — ___ FAILGAFE Join 18 _ i
Mode ID FREQ. EFF. MASS EFF. MASS EFF. MASS Mode ID FREQ. EFF. MASS EFF. MASS EFF. MASS
[Hz) | X DIRECTION [kg]|Y DIRECTION [ka}|Z DIRECTION [kgl [Hz] {X DIRECTION (kg]| Y DIRECTION [kg]{ Z DIRECTION [kg]
8] 5040 1.5338 0.104 0.008 6] 50.40 . = 1.633| 0.104 0.008
21|  B8.57 0.096 2.065] 0.035 21] 88 57, 0.008| 2,088 0.035
115] _138.54 2.987] 1.081 oogall 7891 0.945] 1.285 0.018
116] 128.54 2.367] 1,081 0.002 : 0.778) 0.970 0.001
117] 136.60 1.011 2463 0.003 18] 13628 i 2438 202 0.000
118 13662 0.853 2,024 0.004 117] 136,54 _2:387] 1.081 0.002
122] 138,58 3185 1.362 0.041 118] 13860 1011] 2163 0.063
123] 138.58 3,18 1.362 0.041 119] 13662 0.953| 2,024 0.004
124] 138.83 1.505 3,800 0.043 123| 138.37 2460] 1.671 0.050
125( 138.66 1.525 3.5 0.046) 124] 138.58 3.105] 1,362 D.041
142[ 1s5.35! 0.057 0.035] 3.438 125] 138.683 1.508] a.'sba] 0.043
145 1s5.08] 0.078 0.019 4403/ 12a| 138.66 1.525 577 0.046
148 155.08| 0.078 0.019 ] 4.103] 143] 15535 0.057 0.035] 3488
0.017 0.091 3,638 148] 155,98 0.078| 0.019 4,103
R 3.492 0.053] 147] 15569 0.071 0041 4.080
193| 18557 0.843 3.492 0.053 148] 156.32 0.017 0.081] Y
194] 195.68] 9.350 0 859 0.052 103] 19557 0.843 3402 0.053
198 195.94] 2.878] 0676 0 085 184| 1o568f 3.350 0,858 0.062
195] 195.84 _ 2878 0.678 0.065

Table 9-2: Nominal vs Fail Safe Joint 1B, modal analysis

The relevant shift frequency for jeint 1B fail safe configuration is shown.
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Figure 9-2: modal comparison Nominal / Fail Safe Joint 18
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S eSS TUNOMINAL - == I 2N ~_ FAILSAFE Joit 8 =
Mode ID FREQ. EFF. MASS EFF. MASS EFF. MASS Mods ID FREQ. EFF. MASS EFF. MASS EFF. MASS

[Hz] |X DIRECTION [kg]] Y DIRECTION [kg]{ Z DIRECTION [kg] [Hz] |X DIRECTION [kg]|Y DIRECTION {kg]} Z DIRECTION [kg)
¥ 1833 0.104] 0.008] A 3870 2382 o.zqgl 0.001
21| se.57 0.096 2. 0035 128%  63.09 0.049] 1333 0.019
118] [ 136.54 2,367 1081 0 002 116] _138.54 2,387 1094 0.002
118] +36.54 2.367) 1.061 0.002 17| 13854 2,367 1081 0.002
117| 136.60/ 1.011 2.4 0.003) 118] 138.60, 1.011 2.183 0.003
18] 1ae.62 0.632] “2024] 0.004 118] 13663 0.834 1,962 0.002
122 138.58 3.185] 1.352) 0.041) 123] 138.58] 34 1.36% 0.041
123] 130.58 3,185] 1.352) 0.041)| 124] 138.58 3995 1.362] 0.041
124] 138.63 1.505] 3.608] @l 125| 138.83 1.508] 3,608 0043
125] 138.66 1.5£| 3.577] 0,046 126 1aas£| 1.508 3,524 0.043
142| 15535 0.057 0.035 3.408) 143] 15535 0.057 0.035 5.408
145] 15588 0.078| o.018] 4103 148 155.08] 0.078| 0.01B 4.103
146] 155,88 u.o7g| omsl 4103 147] 155.08] 0.078| 0.018 _ 4108
147] 15632 0.017 0.091 3858 148] 158.27 0.021] 0 067 3713
192| 185.57 0.843) 3.4 0.053|| 192] 1B557 0.843] 3.49 0.053
103 185.57] 0.843] 3.452 0 053] 193 1p5.57 0843 3.4 0.053
1g4] 18568 3.350 0.859 aoagl 194] 10568 3:350] 0.650 0.062
195] 195.94 24878/ o.678] 0.065 195] 105.87] 3.158] 0.736 0.105

Table 9-3: Nominal vs Fail Safe Joint 6, modal analysis

The relevant shift frequency for joint 6 fail safe configuration is shown.
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Figure 9-3: modal comparison Nominal / Fail Safe Joint 6
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9.2  STATIC ANALYSIS FOR FAIL SAFE CONFIGURATION

Fail safe static analyses have been performed for those configurations that give different frequency and mode
shapes compared to the nominal configuration. The analyzed fail safe configurations are:

= Joint 1A
= Joint 1B
= Joint6

For these configuration the parts of the structure affected by a different dynamic response have been analyzed and
reported. For the other parts, stress is not subjected to any change.

The safety factor used for fail safe configuration is set to 1, both for the MoS calculation and load application factor
for failure index analysis.

9.21 STRESS ANALYSIS FOR FAIL SAFE CONFIGURATION JOINT 1A

For the configuration Joint 1A, Z-Bracket and Radiator (core and skin) are verified with the worst load case.

9.21.1  Z- BRACKET

The worst condition is for ELEMENT 2056554 for Load Case 29.

The resulting failure index is: Fl = 0.39 MPa.
Following figures show failure index contour for this subcase.
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Figure 9-4: Z-Bracket Fail Safe 1A, Load Case 29

Peak stress due to elements near bolts is not considered and bearing analysis is performed in chapter 92.41.
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9.21.2 ZENITH RADIATOR PANEL (SKIN)

The worst condition is for ELEMENT 4593473 for Load Case 29 at Layer Z2.

The resulting Von Mises stress is: fyn = 108.5 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-5: Zenith Radiator Panel (skin) Fail Safe 1A, Load Case 289, Layer Z2
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9.21.3  ZENITH RADIATOR PANEL (CORE)

The worst condition is for ELEMENT 1915634 for Load Case 25.

The resulting Maximum Shear stress is: fsy = 0.4 MPa.

Following figures show stress distribution for this subcase.
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Figure 9-6: Zenith Radiator Panel (core) Fail Safe 1A,
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9.22 STRESS ANALYSIS FOR FAIL SAFE CONFIGURATION JOINT 1B

For the configuration Joint 1B, Z-Bracket and Radiator (core and skin) are verified with the worst load case.

9.2.2.1 Z- BRACKET

The worst condition is for ELEMENT 4606416 for Load Case 29.
The resulting failure index is: Fi = 0.39 MPa.
Following figures show failure index contour for this subcase.
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Figure 9-7: Z-Bracket Fail Safe 1B, Load Case 29

Peak stress due to elements near bolts is not considered and bearing analysis is performed in chapter 9.2.4.1 .
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9.2.2.2 ZENITH RADIATOR PANEL (SKIN}

The worst condition is for ELEMENT 430416 for Load Case 29 at Layer Z2.
The resulting Von Mises stress is: fyw = 108 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-8: Zenith Radiator Panel (skin) Fail Safe 1B, Load Case 29, Layer Z2
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ZENITH RADIATOR PANEL (CORE)

9.2.2.3

The worst condition is for ELEMENT 1915634 for Load Case 25.

fsh = 0.4 MPa.
tribution for this subcase.
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Figure 9-9

0.2.3 STRESS ANALYSIS FOR FAIL SAFE CONFIGURATION JOINT 6

For the configuration Joint 6, VSB (cover and body) and VSB Support are verified with the worst load case.

VSB SUPPORT

9.2.3.1

The worst condition is for ELEMENT 2082215 for Load Case 10 at Layer Z2.

fum =177 MPa.

The resulting Von Mises stress is
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Figure 9-10: VSB Support Fail Safe 6, Load Case 10, Layer Z2

Peak stress due to elements near bolls is not considered and bearing analysis is performed in chapter 9.2.4.6 .
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9.2.3.2 VSB COVER
The worst condition is for ELEMENT 2083354 for Load Case 10.
The resulting failure index for is: Fl = 0.29,
Following figure shows FI distribution for this subcase,
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Figure 9-11: VSB Cover Fail Safe 6, Load Case 10
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9.2.3.3 VSBBODY

The worst condition is for ELEMENT 2083294 for Load Case 29.
The resulting failure index for is: FI = 0.31.
Foliowing figure shows Fi distribution for this subcase.
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Figure 9-12: VSB Body Fail Safe 6, Load Case 29

|

Questo documento conliene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tulti i diritti sono riservati.
All information contained in this docurnent are property of CARLO GAVAZZI SPACE SpA. All right reserved.




-pansesel 1ybu iy dS FOVdS IZZVAVO O
‘IleAaSY OUOS RILIP | MINL "V4S FOVdS IZZVAVO

V2 J0 Auedosd aie Justunoop siyj ul
0TV 1P §isudosd Ip uojZEULIOJUI 3

peLjejuod UoHeLLioul iy
UBIUoD OJUIINJ0P O1SAND

uonenbytod 8jes jief o} AieLiuns SOW ‘#-6 Siqel

69} mﬁ% el 1E0 L ¥6ZE802 62 | d¥4D | 10°00°18Z-SOLTOSWY-OF AQOE 8SA
g9l m_mwm__m 4| eeo b VGEEB0Z oL | dud0 | 10°00°18Z-SOLZOSWY-OY Y3A0D ESA
vi i 00°'00"052-SD.L20SWV-0F .
094 oes ey | 6€0 1 91909y 62 | d¥49 | 05000Se-S0LZ0SWY-0Y 13MoVHE-Z
sBeao | AN | emiy | MAS | Qs T pyemy |  HIIWDN OMG waLl
9 B = T,
: . . £0°00'182-SDLZOSWY-0V
9ol m___mw 59'L L 89b £6€ L WA |cizzeoz | zz | o | SL0LW | ho0i8z-SD120SWY-OR LH0ddNS 8SA
vl
. . i : i . i — . 3400
£9l m“_ﬁw 860 L 80 v'0 | 1eaus Xew | vE9SLEL gz |ueoeyod | Z0'L0°0ZZ-SOLZOSWY-OF ANV HOLVIOYY HLINIZ
vl 90°L0°022-SOLZOSWY-0F
7oL | wes | < - L - zav ooy 80y W | espeesy | zz | 62 | vZoziv | E0LO'0ZZ-SOLZOSWY-OF | NINSTIINV HOLVIAYYH HLINTZ
ned 10°L0°0ZZ-SDLZOSWY-0F
: T | _ T nﬂﬁwllmﬂa fean] i _ ’
sfiey : BRI ot i e | ESBAS sSAAS . wioyy | sseg | - _
woy | AN REW]ASN mm,,_‘.um,_ mEwnn | PRIA E_____E ssans | QWi |4 ooy RN HIBNNN OMO Wal
NOILLVHNOIANOD 34VS TIvd d04d ANVININNS SO SISATVNY SS3ULS A A
o0z ©° oL o vdS 30VAS IZZVAVYO OTHVD
p euibed LHOQ3Y SISATYNY TVHNLONYLS SWYIB LHOddNS GNY SO1 OAHD
8 NS
B00ZICONE meo b izpn L'y
- SO1 - COSWV '

LL0-SDI-NL-SOLSAV

200g N




N° Dog:
' AMSO02 - TCS ,::lcz N AMSTZ::N-CGS-OH
v Issue: 1 Date: 31/03/2008
ORYO TS AND SUPPORT BEAMS STRUCTURAL ANALYSIS | Pagina di
CARLO GAVAZZI SPACE SpA REPORT Page 111 o 200
9.2.4 JOINT ANALYSIS FOR FAIL SAFE CONFIGURATION
New acting forces on bolts have been calculated for the analyzed connection lypology.
The Ultimate Safety Factor has been set to 1.
TORQUE TORQUE
JOINT DESCRIPTION MATERIAL BOLT TYPE RANGE RANGE | ANALYSIS
PAGE
[Nm) [ibf in]
Joint1a Z‘BRACKJESI’N'?D'ATOR A286 - 160 ksi | NAS1351N3 40-45 | 350-40.0 172
Joimt1b | Z-BRACKET/TRD JOINT | A286 - 160 ksi | NAS1351CALET2| 3.8-45 | 34.0- 40.0 172
Jont2a | STIFF B'jg]ﬁ’T‘D'ATOR A286— 160 ksi | NAS1351N4-16 | 9.0-10.7 | 80.0-95.0 174
ort2b | STIFF BKT/TRD JOINT | A286- 160 ksi | NAS1351N4LE12| 88-10.7 ) 78.0- 95.0 174
: SPOKES UPPER
Ti BAI 4V
Joint3a | SPOKES/RADIATOR oA ROD END 47-51 | 42.0-450 176
JOINT 150 ksi s
0.19"-32
SPOKES
Ti 6Al 4V LOWER ROD
SPOKES/TRD JOINT
Joint 3b POKES/TRD JOIN 50 ki END 10.8-10.8 | 96.0-96.0 176
0.25"28 x 1.0° L
GPS ANTENNA .
Jolntd | qusmor D JOINT | A286 - 160ks NAS1351N4LE12| 8.7-107 | 77.0-95.0 178
GPS ANTENNA/GPS
Joint5 | ANTENNA SUPPORT A2-70 DIN 965 M3x16 | 0.4-05 36-40 179
JOINT
Jointe | VSB- V’jg:ﬁjTM CASE | aog—goks | NAS1351C6-20 | 140-17.0 [125.0-1500; 180
VSB BODY / LHP VSB .
Joint 7 o A266-80ksi | NAS1351C08-6 | 1.1-15 | 10.0-13.0 181
VSB SUPPORTS/ LHP
Jolnt® | e oTAND-OFF JOINT A2-70 DIN912MSx12 | 19-23 | 17.0-200 182
Jomt® | vsB BODY/VSB COVER | A286-80ksi | NAS1351C3-8 | 2.0-21 18.0 -19.0 183
BIMETALLIC SUPPORT .
Jolnt 10 | e T OR JOINT | A286 — 160 ksl NAS1351N3LE12| 4.0-45 | 35.0-400 184
VSB SUPPORTS/VSB
Joint 14 I A286 CR3522-5-05 NA. NA. 185

Table 9-5: Verified joint for nominal configuration
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9.2.4.1 JOINT 1: Z-BRACKET (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 213905
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 213906
MAX AXIAL - LOAD CASE ID 3]
MAX AXIAL - AXIAL LOAD [N] 954.9
max axlal - axial load [ib] 216.9
MAX AXIAL - SHEAR LOAD [N] 211.3
max axlal - shear load {Ib] 47.5
MAX SHEAR - ELEMENT ID 213906
MAX SHEAR - LOAD CASE ID 15
MAX SHEAR - AXIAL LOAD [N] 762.5
max shear - axial load [ib] 171.4
MAX SHEAR - SHEAR LCAD [N] 472.2
max shear - shear load [Ib] 1062
MAX COMBINED - ELEMENT 1D 213906
MAX COMBINED - LOAD CASE ID 1
MAY, COMBINED - AXIAL LOAD [N} 964.9
max combined - axial load [Ib] 216.9
MAX COMBINED - SHEAR LOAD [N] 211.3
max combined - shear load [ib] 47.5
FAIL SAFE CONFIGURATION -
suU OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 10.6 (MAX AXIAL)
TOTAL TENSIOHN ULTIMATE 0.95 (MAX AXIAL}
DIRECT THREAD SHEAR ULTIMATE 12.92 (MAX AXIAL}
TOTAL THREAD SHEAR ULT IMATE 1.34 (MAX AXIAL)
SHEAR ULTIMATE 11.95 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.95 (MAX AXIAL)
TAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.95
e FAIL SAFE CONFIGURATION
__SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 15.55
FLANGE 2 - BEARING ULTIMATE 63.19
FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 1 - BEARING ULTIMATE

Table 9-6: JOINT 1a — fail safe configuration
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FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 6400752
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 2398603
MAX AXIAL - LOAD CASE ID 15
MAX AXIAL - AXIAL LOAD [N] B846.4
max axial - axial load bl 190.3
MAX AXIAL - SHEAR LOAD [N} 571.4
max axial - shear load j{s)} 128.5
MAX SHEAR - ELEMENT ID 6400749
MAX SHEAR - LOAD CASE ID 13
MAX SHEAR - AXIAL LOAD [N] 89.0
max shear - axial load b} 20.0
MAX SHEAR - SHEAR LOAD [N] 1017.9
max shear - shear load [1b] 228.8
MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID
MAX COMBIP:\ED - AX!AL LOAD IN] SAME AS MAX SHEAR
max combined - axial load [Ib]
MAX COMBINED - SHEAR LOAD [N]

max combined - shear load [1b]

FAIL SAFE CONFIGURATION
 SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 4.81 (MAX SHEAR)
TOTAL TENSION ULTIMATE 0.87 (MAX SHEAR)
DIRECT THREAD SHEAR ULTIMATE 6.56 (MAX SHEAR)
1.44 (MAX SHEAR)

TOTAL THREAD SHEAR ULTIMATE

1.43 (MAX SHEAR)

SHEAR ULTIMATE
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.93 (MAX AXIAL)
FAIL SAFﬂEEONFIGURATlON MINIMUM ULTIMATE MOS 0.87
FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 7.27
FLANGE 2 - BEARING ULTIMATE 22.20
FLANGE 1 - BEARING ULTIMATE

FAIL SAFE CONFIGURATION MINIMUM MOS
Table 9-7: JOINT 1b — fail safe configuration
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9.2.4.2 JOINT 2: STIFF BRACKET (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 227029
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 214211
MAX AXIAL - LOAD CASE ID 25
MAX AXIAL - AXIAL LOAD [N _272.4
max axial - axial lead [lb] 61.2
MAX AXIAL - SHEAR LOAD [N] 314.0
max axial - shear load [Ib] 70.6
MAX SHEAR - ELEMENT ID __ 227031
MAX SHEAR - LOAD CASE ID 4
MAX SHEAR - AXIAL LOAD [N] 89.0
max shear - axial load [Ib] 20.0
MAX SHEAR - SHEAR LOAD [N] 1652.0
max shear - shear load [Ib] 371.4

MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID

MAX COMBINED - AXIAL LOAD [N]

max combined - axial load [Ib)

MAX COMBINED - SHEAR LOAD [N]

max combined - shear load [Ib]

SAME AS MAX SHEAR

FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BOLTS

MOS CALCULATION - CONFIGURATION ID FAIL SAFE

DIRECT TENSION ULTIMATE 74.28 (MAX AXIAL)

TOTAL TENSION ULTIMATE 0.98 (MAX AXIAL)

DIRECT THREAD SHEAR ULTIMATE 89.33 (MAX AXIAL)Y

TOTAL THREAD SHEAR ULTIMATE 1.38 (MAX AXIAL)

SHEAR ULTIMATE 5.88 (MAX SHEAR)

BENDING ULTIMATE 10 (MAX AXIAL

COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.96 (MAX SHEAR)

FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.96
FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES

FLANGE 1 - BEARING ULTIMATE 8.37
FLANGE 2 - BEARING ULTIMATE 22.52

FAIL SAFE CONFIGURATION MINIMUM MOS

FLANGE 1 - BEARING ULTIMATH

Table 9-8: JOINT 2a - faif safe configuration
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FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 2396078
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 2341694
MAX AXIAL - LOAD CASE ID 9
MAX AXIAL - AXIAL LOAD [Nj 1965.5
max axial - axial load [Ib] 441.9
MAX AXIAL - SHEAR LOAD [N] 2176.0
max axial - shear load [Ib] 489.2
MAX SHEAR - ELEMENT 1D 2396039
MAX SHEAR - LOAD CASE ID 12
MAX SHEAR - AXIAL LOAD [N] 255.1
max shear - axial load [Ib] 57.3
MAX SHEAR - SHEAR LOAD [N] 4383.1
max shear - shear load jIb] 985.4
MAX COMBINED - ELEMENT 1D
MAX COMBINED - LOAD CASE ID
MAX COMBINED - AX!AL LOAD [N] SAME AS MAX SHEAR
max combined - axial load [1b]
MAX COMBINED - SHEAR LOAD [N]
max combined - shear load [1b}

FAIL SAFE CONFIGURATION
~ SUMMARY OF MARGINS FOR BOLTS

MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 9.44 (MAX AXIAL)
TOTAL TENSION ULTIMATE 0.9 (MAX AXIAL)
DIRECT THREAD SHEAR ULTIMATE 11.67 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 1.3 (MAX AXIAL)
SHEAR ULTIMATE 1.59 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.66 {(MAX SHEAR)
EAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.66
] FAIL SAFE CONFIGURATION
~ SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 2.53
FLANGE 2 - BEARING ULTIMATE 7.44

FAIL SAFE CONFIGURATION MINIMUM MOS

FLANGE 1 - BEARING ULTIMATE

Table 9-9: JOINT 2b — fail safe configuration
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9.2.43  JOINT 3: SPOKES (FAIL SAFE CONF.)

FAIL SAFE CONFIGURATION IDENTIFICATION

FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 4587529
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT D 4587645
MAX AXIAL - LOAD CASE ID 27
MAX AXIAL - AXIAL LOAD [N] 594.7
max axlal - axial load [Ib] 133.7
MAX AXIAL - SHEAR LOAD [N] 3.4
max axial - shear load [lb] 0.8
MAX SHEAR - ELEMENT 1D 4588661
MAX SHEAR - LOAD CASE ID 29
MAX SHEAR - AXIAL LOAD |N] 117.7
max shear - axial load [1b] 26.5
MAX SHEAR - SHEAR LOAD [N] 33.6
max shear - shear load [Ib 7.5

MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID
MAX COMBINED - AXIAL LOAD [N} SAME AS MAX AXIAL

max combined - axial load [Ib]
MAX COMBINED - SHEAR LOAD [N]
max combined - shear load [Ib]

T FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BOLTS = L
MOS CALCULATION - CONFIGURATION 1D FAIL SAFE
DIRECT TENSION ULTIMATE 13.71 (MAX AXIAL)
TOTAL TENSION ULTIMATE 0.46 (MAX AXIAL)
DIRECT THREAD SHEAR ULTIMATE 16.65 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 0.75 (MAX AXIAL)
SHEAR ULTIMATE 230.75 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.46 (MAX AXIAL)
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.46
~ FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
ELANGE 1 - BEARING ULTIMATE NA
FLANGE 2 - BEARING ULTIMATE 730.24

FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 2 - BEARING ULTIMATE
Table 9-10: JOINT 3a - fail safe configuration
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FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 6385997
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 6386117
MAX AXIAL - LOAD CASE ID 27
MAX AXIAL - AXIAL LOAD [N] 594.7
max axial - axial load [Ib] 133.7
MAX AXIAL - SHEAR LOAD [N} 3.4
max axial - shear load [1b] 0.8
MAX SHEAR - ELEMENT ID 6387167
MAX SHEAR - LOAD CASE ID 29
MAX SHEAR - AXIAL LOAD [N] 117.7
max shear - axial load [Ib] 26.5
MAX SHEAR - SHEAR LOAD [N] 33.8
max shear - shear load [Ib 7.5
MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID
_MAX COMBINED - AXIAL LOAD [N] SAME AS MAX AXIAL
max combined - axial load [Ib]
MAX COMBINED - SHEAR LOAD [N]
max comblned - shear load [Ib]
FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 25.96 (MAX AXIAL)
TOTAL TENSION ULTIMATE 0.53 (MAX AXIAL)
PIRECT THREAD SHEAR ULTIMATE 25,13 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 0.48 (MAX AXIAL)
SHEAR ULTIMATE 265.13 (MAX SHEAR)
BENDING ULTIMATE 10 {(MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.53 (MAX AXIAL}
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.48
FAIL SAFE CONFIGURATION
SUMMARY QF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE NA
FLANGE Z - BEARING ULTIMATE 1221.65
FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 2 - BEARING ULTIMATE

Table 9-11: JOINT 3b — fail safe configuration
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9.24.4 JOINT 4: GPS ANTENNA SUPPORT/TRD (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 2341620
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 2377968
MAX AXIAL - LOAD CASE ID 6
MAX AXIAL - AXIAL LOAD [N] 734.0
manx axial - axial load [lb] 165.0
MAX AXIAL - SHEAR LOAD [N] 739.9
max axial - shear foad [Ib] 166.3
MAX SHEAR - ELEMENT ID 2341641
MAX SHEAR - LOAD CASE 1D 2
MAX SHEAR - AXIAL LOAD [N] 299.3
max shear - axial load [Ib] 67.3
MAX SHEAR - SHEAR LOAD [N] 1551.5
max shear - shear load [Ib] 348.8
MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE D
MAX COMBII‘zlED - AX}AL LOAD [N] SAME AS MAX SHEAR
max combined - axial load [Ib]
MAX COMBINED - SHEAR LOAD [N]
max combined - shear load [lb]

~ FAIL SAFE CONFIGURATION
~ SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 26.95 (MAX AXIAL}
TOTAL TENSION ULTIMATE 0.93 (MAX AXIAL)

DIRECT THREAD SHEAR ULTIMATE

32.91 (MAX AXIAL)

TOTAL THREAD SHEAR ULTIMATE 1.34 (MAX AXIAL)
SHEAR ULTIMATE 6.32 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)

COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.92 (MAX SHEAR)

FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.92
FAIL SAFE CONFIGURATION
 SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 14.02
FLANGE 2 - BEARING ULTIMATE 18.45
FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 1 - BEARING ULTIMATE

Table 9-12: JOINT 4 — fail safe configuration ]
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9.2.4.5 JOINT 5: GPS ANTENNA/GPS ANTENNA SUPPORT (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 2377917
FAIL SAFE GCONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT 1D 2377868
MAX AXIAL - LOAD CASE ID 8
MAX AXIAL - AXIAL LOAD [N] 68.3
max axial - axial load [Ib] 15,3
MAX AXIAL - SHEAR LOAD [N] 70.8
max axial - shear toad [Ib] 15.9
MAX SHEAR - ELEMENT 1D 2377842
MAX SHEAR - LOAD CASE ID 2
MAX SHEAR - AXIAL LOAD [N] 15.1
max shear - axial load [lb] 3.4
WMAX SHEAR - SHEAR LOAD [N] 116.7
max shear - shear load [Ib] 26.2
MAX COMBINED - ELEMENT 1D 2377888
MAX COMEINED - LOAD CASEID 11
MAX COMBINED - AXIAL LOAD [N] 68.1
max combined - axial load [Ib] 15.3
MAX COMBINED - SHEAR LOAD [N] 88.1
max combined - shear load [ib] 19.8
FAIL SAFE CONFIGURATION
SI.-IEMARY OF MARGINS FOR BOLTS :
MOS CALCULATION - CON FIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 34.59 (MAX AXIAL)
TOTAL TENSION ULTIMATE 1.28 (MAX AXIAL)
DIRECT THREAD SHEAR ULTIMATE 55.08 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 2.59 {MAX AXIAL
SHEAR ULTIMATE 9.73 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 1.27 (COMBINED)
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 1.27
FAIL SAFE CONFIGURATION
- SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 36.10
FLANGE 2 - BEARING ULTIMATE 58.43
FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 1 - BEARING ULTIMATE

Table 9-13: JOINT 5 - fail safe configuration
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9.24.6 JOINT 6: VSB - VACUUM CASE (FAIL SAFE CONF.)

FAIL SAFE CONFIGURATION IDENTIFICATION

FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT

FAIL SAFE 1 FAILED BOLT ID 5511888

FAIL SAFE CONFIGURATION BOLT LOADS

MAX AXIAL - ELEMENT ID 5511464
MAX AXIAL - LOAD CASE ID 23
MAX AXIAL - AXIAL LOAD [N] 1486.9

max axial - axial load [Ib] 334.3

MAX AXIAL - SHEAR LOAD [N} 152.9

max axial - shear load [Ib] 34.4

MAX SHEAR - ELEMENT ID 5511464
MAX SHEAR - LOAD CASE ID 4
MAX SHEAR - AXIAL LOAD [N] 699.3
max shear - axial load [Ib] 157.2
MAX SHEAR - SHEAR LOAD [N] 558.0
max shear - shear load [Ib] 125.7

MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID
MAX COMBINED - AXIAL LOAD [N]

max combined - axial load [ib]

MAX COMBINED - SHEAR LOAD [N]
max combined - shear load [lh]

SAME AS MAX AXIAL

FAIL SAFE CONFIGURATION |
SUMMARY OF MARGINS FOR BOLTS o
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 16.18 (MAX AXIAL)
TOTAL TENSION ULTIMATE 0.77 (MAX AXIAL)
DIRECT THREAD SHEAR ULTIMATE 23.85 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 1.56 (MAX AXIAL)
SHEAR ULTIMATE 24.24 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.77 (MAX AXIAL)
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.77
FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 61.46
FLANGE 2 - BEARING ULTIMATE 131.34
FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 1 - BEARING ULTIMATE

Table 9-14: JOINT 6 — fail safe configuration
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9.2.4.7 JOINT 7: VSB BODY { LHP VSB BKT (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT 1D 2083341
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT 1D 2083342
MAX AXIAL - LOAD CASE ID 1
MAX AXIAL - AXIAL LOAD [N] 101.1
max axial - axial load [Ib] 22.7
MAX AXIAL - SHEAR LOAD [N} 163.6
manx axial - shear load [Ib] 36.8
MAX SHEAR - ELEMENT 1D 2083340
MAX SHEAR - LOAD CASE ID 29
MAX SHEAR - AXIAL LOAD [N] 40.7
max shear - axial load [Ib] 9.2
MAX SHEAR - SHEAR LOAD [N] B825.9
max shear - shear load [Ib] 185.7
MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID
MAX COMBH\'IED -AX!AL LOAD [N] SAME AS MAX AXIAL
max combined - axial load [lb]
MAX COMBINED - SHEAR LOAD [N]

max combined - shear load [lb]

FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 19.13 (COMBINED)
TOTAL TENSION ULTIMATE 0.69 (COMBINED)
DIRECT THREAD SHEAR ULTIMATE 23.16 (COMBINED)
1.03 (COMBINED)

TOTAL THREAD SHEAR ULTIMATE

1.53 (MAX SHEAR)

SHEAR ULTIMATE
BENDING ULTIMATE 10 {MAX AXIALY
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.53 (MAX SHEAR)

FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.53

FAIL SAFE CONFIGURATION

' SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 1.07
ELANGE 2 - BEARING ULTIMATE 447
FLANGE 1 - BEARING ULTIMATE

FAIL SAFE CONFIGURATION MINIMUM MOS

Table 9-15: JOINT 7 — fail safe configuration
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9.2.4.8 JOINT 8: VSB SUPPORTS/ LHP VSB STAND-OFF (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 2186038
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXJAL - ELEMENT ID 2186039
mAX AXIAL - LOAD CASE ID 8
MAX AXIAL - AXIAL LOAD [N] 127.0
max axial - axial load [Ib] 28.6
MAX AXIAL - SHEAR LOAD [N] 139.2
max axial - shear load [Ib] 3.3
MAX SHEAR - ELEMENT ID 2186039
MAX SHEAR - LOAD CASE ID 1
MAX SHEAR - AXIAL LOAD [N] 119.2
max shear - axial load [Ib] 26.8
MAX SHEAR - SHEAR LOAD [N] 1582
max shear - shear load [Ib] 35.6

MAX COMBINED - ELEMENT 1D

MAX COMBINED - LOAD CASE ID

MAX COMBINED - AXIAL LOAD [N]

max combined - axlal load [Ib]

SAME AS MAX AXIAL

MAX COMBINED - SHEAR LOAD [N]

max comblined - shear load [Ib]

FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION 1D FAIL SAFE

DIRECT TENSION ULTIMATE 57.02 (MAX AX!AL)

TOTAL TENSION ULTIMATE 1.17 (MAX AXIAL)

DIRECT THREAD SHEAR ULTIMATE 83.02 (MAX AXIAL)

TOTAL THREAD SHEAR ULTIMATE 2.14 (MAX AXIAL)
SHEAR ULTIMATE 23.52 (MAX SHEAR)

BENDING ULTIMATE 10 {MAX AXIAL)

COMBINED SHEAR, TENSION AND BENDING ULTIMATE

1.17 (MAX AXIAL)

FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS

117

" FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES

FLANGE 1 - BEARING ULTIMATE

18.26

FLANGE 2 - BEARING ULTIMATE

116.69

FAIL SAFE CONFIGURATION MINIMUM MOS

FLANGE 1 - BEARING ULTIMATE

Table 9-16: JOINT 8 — fail safe configuration
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9.24.9 JOINT 9: VSB BODY/VSB COVER (FAIL SAFE CONF.)

FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 2083379
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT iD 2083381
MAX AXIAL - LOAD CASE ID 7
MAX AXIAL - AXIAL LOAD [N] 11.5
max axial - axial load [Ib] 2.6
MAX AXIAL - SHEAR LOAD [Nj 667.0
max axial - shear load [1b] 149.9
MAX SHEAR - ELEMENT ID 2083381
MAX SHEAR - LOAD CASE ID 2
MAX SHEAR - AXIAL LOAD [N] 11.5
max shear - axial load [Ibj} 2.6
MAX SHEAR - SHEAR LOAD [N] 667.0
max shear - shear load [Ib? 149.9
MAX COMBINED - ELEMENT ID
MAX COMBINED - LOAD CASE ID
MAX COMBlrtIED - AX_IAL LOAD [N] SAME AS MAX AXIAL
max combined - axial toad [Ib)
MAX COMBINED - SHEAR LOAD [N]
max combined - shear ioad [Ib]
FAlL SAFE CONFIGURATION
— ___SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID FAIL SAFE
DIRECT TENSION ULTIMATE 501.86 (MAX AXIAL)
TOTAL TENSION ULTIMATE 1.01 (MAX AXIAL)
DIRECT THREAD SHEAR ULTIMATE 602.43 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 1.41 (MAX AXIAL)
SHEAR ULTIMATE 3.59 (MAX AXIAL)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.93 (MAX AXIAL)
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.93
FAIL SAFE CONFIGURATION
_SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 5.96
FLANGE 2 - BEARING ULTIMATE 5.96
FAIL SAFE CONFIGURATION MINIMUM MOS FLANGE 2 - BEARING ULTIMATE

Table 9-17: JOINT 9 - fail safe configuration
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9.2.4.10 JOINT 10: JOINT 10: BIMETALLIC SUPPORT BKT/RADIATOR (FAIL SAFE CONF.)

FAIL SAFE CONFIGURATION IDENTIFICATION

FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE 1 FAILED BOLT ID 2B2
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT 1D 2533841
MAX AXIAL - LOAD CASE ID 28
MAX AXIAL - AXIAL LOAD [N] 77.2
max axial - axial load [Ib] 17.4
MAX AXIAL - SHEAR LOAD [N] 0.0
max axial - shear load [Ib] 0.0
MAX SHEAR - ELEMENT 1D 2526848
MAX SHEAR - LOAD CASE ID 3
MAX SHEAR - AXIAL LOAD [N] 8.8
max shear - axial load [|b] 2.0
MAX SHEAR - SHEAR LOAD [N] 640.0
mayx shear - shear [oad [Ib] 143.9

MAX COMBINED - ELEMENT 1D

MAX COMBINED - LOAD CASE D

MAX COMBINED - AXIAL LOAD [N]

SAME AS MAX SHEAR

max combined - axial load [lb]

MAX COMBINED - SHEAR LOAD [N]

max combined - shear load [Ib]

FAIL SAFE CONFIGURATION
~ SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION 1D FAIL SAFE
DIRECT TENSION ULTIMATE 143.68 (MAX AXIAL)
TOTAL TENSION ULTIMATE 1.02 (MAX AXIAL)
DIRECT THREAD SHEAR ULTIMATE 187.6 (MAX AXIAL)
TOTAL THREAD SHEAR ULTIMATE 1.63 (MAX AXIAL)
SHEAR ULTIMATE 8.56 (MAX SHEAR)
BENDING ULTIMATE 10 (MAX AXIAL)
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 1.02 (MAX AXIALY
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 1.02
“FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 4.99
FLANGE 2 - BEARING ULTIMATE 50.01
FLANGE 1 - BEARING ULTIMATE

FAIL SAFE CONFIGURATION MINIMUM MOS

Table 9-18: JOINT 10 - fail safe configuration
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JOINT 11: VSB SUPPORTS/VSB BODY (FAIL SAFE CONF.)
FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT
FAIL SAFE FAILED BOLT D 2083165
FAIL SAFE CONFIGURATION BOLT LOADS
MAX AXIAL - ELEMENT ID 2081820
MAX AXIAL - LOAD CASE ID 7
MAX AXIAL - AXIAL LOAD [N] 147.6
max axial - axial load [Ib] 33.2
MAX AXIAL - SHEAR LOAD N] 10.2
max axial - shear load [Ib] 2.3
MAX SHEAR - ELEMENT ID 2083167
MAX SHEAR - LOAD CASE ID 6
MAX SHEAR - AXIAL LOAD [N] 126.0
max shear - axial load [Ib] 28.3
MAX SHEAR - SHEAR LOAD [N] 1108.2
max shear - shear load [Ib] 2491
MAX COMBINED - ELEMENT 1D

MAX COMEBINED - LOAD CASE ID

MAX COMBINED - AXIAL LOAD [N]

max combined - axial load [Ib]

MAX COMBINED - SHEAR LOAD [N]

max combined - shear load [Ib]

SAME AS MAX SHEAR

FAIL SAFE CONFIGURATION
~ SUMMARY OF MARGINS FOR BOLTS

FAIL SAFE

MOS CALCULATION - CONFIGURATION ID

18.09 {(MAX AXIAL}

AXIAL ULTIMATE

4.39 (MAX SHEAR}

SHEAR ULTIMATE

4.39

FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS

Table 9-19: JOINT 11 - fail safe configuration
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9.2.412 JOINT ANALYSIS MOS SUMMARY FOR FAIL SAFE CONFIGURATION
In the following tables MoS summary for fail safe joint analysis is presented.
: BOLTED JUNCTION (oint110) — — :
MOS TYPE MoS | Joint

DIRECT TENSION ULTIMATE 4.81 1B

TOTAL TENSION ULTIMATE 0.46 3A

DIRECT THREAD SHEAR ULTIMATE 6.58 18

TOTAL THREAD SHEAR ULTIMATE 0.48 3B

SHEAR ULTIMATE 1.43 1B

COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0.46 3A

FLANGE 1 - BEARING ULTIMATE 1.07 7

FLANGE 2 - BEARING ULTIMATE 4.47 7

P N RIVETS (Joint11) ,

s R MOS TYPE MoS
AXIAL ULTIMATE 18.09

SHEAR ULTIMATE 4.39

Table 9-20: Joint analysis MoS summary in fail safe configuration

Questo documento contiene informazioni di proprietd di CARLO GAVAZZ| SPACE SpA. Tulli i diritti sono riservati.
AW information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




' N"Doc - AMSTCS-TN-CGS-011
AMS02 - TCS

Ediz.: Data:
' lssue: Date. 31/03/2008
CRYQ TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Pagina 187 di .
CARLO GAVAZZI SPACE SpA REPORT o o

9.2.5 INSERTS VERIFICATION FOR FAIL SAFE CONFIGURATION

From the fail safe bolt analysis (chp.9.2.4 ) the inserts maximum axial and shear forces are determined.
The following table summarizes the force entities and locations.

CONNECTED ITEMS FORCE [N] REMARKS
Z bracket-Zenith Radiator 964.9 Maximum Axial Force acting on inserts
Stiff Bracket-Zenith Radiator 1652 Maximum Shear Force acting on inserts

Table 9-21 Maximum forces acting on the Zenith radiator inserts for Fail Safe configuration

As described in the chp. 8.2.5.1 these forces have been compared to the inserts test results of RD 19.
The following table summarizes the obtained MoS.

DESCRIPTION VALUE REMARKS
Safety Factor for

insert verification fail 1

safe configuration

fr\\!xllal Allowable Force 1900 RD 19
Shear Allowable

Force [N] 6498 RD 19
Applied Max. Axial

Force [N] 964.9 Chp.9.2.4.1
Applied Max. Shear

Force [N] 1652 Chp.9.2.4.2
MOSA)UAL 0.97

MOSSHEAR 2.93

Table 9-22 Zenith Radiator Insert verification summary

9.2.5.1 INSERTS MOS SUMMARY FOR FAIL SAFE CONFIGURATION

MARGIN OF SAFETY FOR INSERTS FOR FAIL SAFE CONFIGURATION
Allowable
ITEMS Load Case iD Force SF Force [N] MoS Note
—_— 8 213006] 964.9 1 1800 0.97|Maximum axial load case
— 4 227031] 1652 1 6480 2.93[Maximum shear load case

Table 9-23: MOS summary table for inserts for Fail Safe configuration

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ] SPACE SpA. Tutli i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




Do AMSTCS-TN-CGS-011
-....;. AMS02 - TCS

Edlz.: Data:
' ey Dot 31/03/2008
CRYO TCS AND SUPPORT BEAMS STRUCTURAL ANALYSIS Paglna

di

CARLO GAVAZZ| SPACE SpA REPORT page 188, 200

10.CONCLUSIONS AND COMMENTS

The performed analyses of the CRYO TCS system and VSB Structure show the following results.

A.

NOMINAL CONFIGURATION

The 1% natural frequency of the CRYO TCS system and VSB is 50.4 Hz, see chapter 8.1 DYNAMIC
ANALYSIS FOR NOMINAL CONFIGURATION.

Maximum displacement for the CRYQ TCS system and VSB for all the applied loads is 19.4 mm {on the
LHP transport line}, see chapter 8.2.1 DISPLACEMENT ANALYSIS FOR NOMINAL CONFIGURATION.

All Mo$S are positive for all applied loads for the stress analysis, see chapter 8.2.2 STRESS
ANALYSIS FOR NOMINAL CONFIGURATION.

All MoS are positive for all applied loads for the joint analysis, see chapter 8.2.3 JOINT ANALYSIS FOR
NOMINAL CONFIGURATION.

All MoS are positive for all applied loads for the instability (buckling) analysis at local level, see chapter 8.2.4
LOCAL BUCKLING ANALYSIS FOR NOMINAL CONFIGURATION

All MoS are positive for all applied loads for the inserts and bonded junction, see chapter 8.2.5 INSERTS
AND BONDED JOINT VERIFICATION FOR NOMINAL CONFIGURATION

All MoS are positive for all applied lcads for the bimetallic joint, see chapter 8.2.6 BIMETALLIC JOINT
VERIFICATION

FAIL SAFE CONFIGURATION

»  One fail safe configuration is defined for CRYQO TCS system and VSB structure.

= The relevant modal discrepancies in the modal results between the nominal configuration and the fail
safe one have been detected. Static analyses have been performed to check the fail safe configuration
structural integrity chapter 8.1 DYNAMIC ANALYSIS FOR FAIL SAFE CONFIGURATION. All MoS are
positive for all applied loads in the fail safe configuration for the stress analysis, see chapter 9.2
STATIC ANALYSIS FOR FAIL SAFE CONFIGURATION.

= Al MoS are positive for all applied loads for the joint analysis, see chapter 9.2 .4 JOINT ANALYSIS
FOR FAIL SAFE CONFIGURATION.

= Al MoS are positive for all applied loads for the insert analysis, see chapter 9.2.5 INSERTS
VERIFICATION FOR FAIL SAFE CONFIGURATION.

Moreover, the following topics are shown.

An explanation of the complete methodology for the bolt analysis is shown in ANNEX 1.

The tables with the input for the safety review are shown in ANNEX 2.

Results of all the performed analyses show that the CRYO TCS system and VSB structure can withstand the
dimensioning loads without any rupture andf/or any detrimental deformation with the application of the specified
safety factors: all structural requirements shown in AD 1 are fulfilled.

Quesio documenio contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutli i diritti sono riservati.
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ANNEX 1

BOLTS VERIFICATION EXAMPLE
Two different bolt verification typologies are shown:

1. The 1™ one refers to the installation with inserts
2. The 2™ one refers to the installation with nuts.
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Installation with inserts
Prepared Paga No. Raport No.
C. Bala 10/7/04
By LOCKHEED MARTIM LMSEAT-0005
Checked Science, Engineering, Analysis, & Test |Crawing No.
By Mechanical Spstems Analysis Departarent
Titl t N
e Prolect Name Bolt sample with insert File name:  holts_insert_Rev

BOLTS (NAS1351N3LE10), Insert MS21209 F1-1 5L, Washer NAS620C10L

Flange 1
Part number; Z BKT
Malerial:GFRP iis
fo. % e 1_'1 2 Insert
Flange 2 Bot 7 e JElang: 2 j1 A1 N5E
Part number:-TRD et
Material: AL 7075 T7351 —{ Hier P boag {n
Loads \\ N //m
Applied lensile load P:= 190.31br L""’_.
r— |t ——
lied shear load o
Applie Vi= 1285160 » L ~
Applied bending momenl M = 0-in-Ibf
Factors of Safety Temperature data
Ulimate SFu:=20 Yield SFy:=1.25  Assembly Temp_initial:= 68 deg

Juint Separation SFsep = 1.2 Fitting faclor FF:=1.15 Maximum Temp_max:= 122-deg

Minimum Temp_min ;= 32.deg

Bolt and Insert Data
I

Nominal diameter of bolt .- 195 Number of threads/inch Nt := 32‘};

Total length of bolt L= 0.625in Lenglh of insert Lins := 0.285in

Threaded lengih Lt:=0.625in Min. external diameter of insert  Fymin:= 0.236in
Depth of recess for insert Ir:= 0.02in

{If boll is fully threaded, input Lt = L)
[+ Referencc:E:\PROGE.'IT]'\AMS_ZENITH_RAD\ZENITH_RADIATOR\ﬁna] analysis\SPOKES_2_PL_GFRP:\Verifica bulloni\thread_data.med

Washer Data Flange data

Thickness of washer tw = 0.032in Thickness of flange 1 trl :=0.15%in
Outer Diameter of washer Dw = 0.354n Thickness of flange 2 12 := 0.285n
Inner Diameler of washer Dwi:=0.195in Diameter of hole D_hole :=0.21-in
Bolt head dia. across flats dw = 0.31in (used only if there is no washer)

Note: If there is no washer, tw, Dw, and Dwl should be zero.
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Prepared Page No. Report No,
C. Bala 10/7/04
By LOCKHEED MARTIF? LMSEAT-0005
Checked Science, Engineering, Analysis, & Test  |Prawing Ne.
By Mechanical Systems Analysis Department
Title Project Name -
’ Bolt sample with insert Filename: bolls_inserl RevC
Materfal Property Data
Bolt
Temperature correction factor for bolt strength ultimale TSu_bolt := 0.94 yield TSy_balt = 0.94
Bolt ultimate tenslle allowable stress Ftu_bolt := 160000psi
Boll ultimate shear allowable stress Fsu_boll := 0.6-Flu_bolt

Boll yield lensile allowabie

Temperature correction faclor for boll modulus TE_bolt := 0.94

Modulus of elasticity of bolt
Insert

Temperature correction factor for inserl slrength TS ins := 1

Uttimate tensile allowable siress Fu_ins = 150000psi

Ultimate shear allowable stress Fsu_ins := 0.6 Ru_mns

Washer

Temperalure correction factor for washer modulus TE_washer := 1.0

Modulus of elasticity of washer E washer := (29.1~ |06-p

Flanges

Sliffness of the joint depends vpon number of members in the grip of lhe fasteners

E_balt = (29.1.]()6.p5j} Thermal coeffecient for boll;

Fty_bolt := 110000psi

in
a_bolt_hot = 8.7.1¢" &2
deg

in
in

deg

a_boll_cold == 8 510

i)

Modulus of elasticity of these members, and diamelers of ihe boll and the washer.

Temperature correction factor for flange 1 TME;=1.0 (modulus)

Temperalure correclion factor for flange 2 Tf2E:=1.0 (modulus)

Modulus of elasticity for the parts in the joint E_flange] := (5_g]06.psi)

in

in
deg
in
in

deg

Coefficient of thermal expansion for flanges o_flangel_hot =610 )

u_flange]_cold = 6107 °

Torque/Preload data

Tf2s = 094
Fsu_f2 := 37999.89psi
E_flange2 ;= (10.5 I06-psi)

(strenglh)

in

-6 in

e_Mange2_hot .= 121510 - —

deg
E

=1210 ® 2

o_flange2_cold :
deg

Maximum lorque Tmax:= 4(-in- [bf Loading plane factor: n=05
Minimum torque Tmin = 34.in-1bf Preload Uncertainty: I":=0.35
Torgue ceefficient: k:=02
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Prepared _W Page No. Report No
C. Bala 10/7/04
By LOCKHEED MARTI LMSEAT-0005
Checked Science, Engineerlng, Analysis, & Test  |Crawing No
By Mrchanical Sysrems 4nalvsis Department
Title Project Name .
Boll sample with insert File name: bohs_insert RevC

[ Reference:E\PROGETTRAMS_ZENITH, RAD\ZEN ITH_RADIATOR\final analysis\SPOKES_2_P1_GFRP\Venfica bulloniiboll_ shifness_insert_Rev(.m

Bolt Load data

Bolljoini stifiness faclor $=037 Preload due 1o iemperalure  Prhr_pos = 321bf
Max. preload PLDmax= 1453.11b{ Plhr_neg = ~22.91bl
Min. preload PLDmin= 487.61b{ Uncertainly laclor =035

Joinl separation load Psep = 228.36lb Torque coeflicient k=02

Max. load on lhe boli{ullimate) pb = 153dIbl Loading plane laclor n=0.5

Thread shear pullout load

Max. ioad on the bolt(yield) Phy = 1503.4b0 of balt or insert

Pths = 9980.3bf

Bolt ultimale tensile sirenglh  pA( = 2895Ibl Thread shear pulloul load Ppths = 3773.9bf
in parenl melal

Length_check = "Bolt length is suflicient"

Summary of Margins for boll:

Joint separatlion MS] =1.2%8 Direcl Thread shear Ullimale MS{, =1.62
Cirecl Tension Ullimale M52 =561 Tolal Thread shear Ultimale MS7 = 1.46
Direcl Tension Yield MS, = 6.28 Shear Ullimale MSg =4.35
Total Tension Ultimale M§, = 0.89 Bending Ullimale MSQ =10
Total Tensien Yield M5, =0.324 Combined shear, lension and bending  MS. = 0.848
5 : 10
ullimale
0
Util_coelT ;= LeDmax00 Util_coell = 73.008
PAy

Delermination of the smallest margin of safety for the belt, and Ihe failure mode:

MSboll := min{ M5}

MSboll = (.324 Failure_Mode = "Total Tension Yield"
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By Mechanical Syatema Analpvis Department
Title Project Name .
Bolt sample wilh inserl Figname: bohs_inserl_Rev(
Fail-safe Analysls
Fail-safe Loads Fail-safe Factors of Safaty
Applied lensie load P FS = 190.31bf Ultimale SFu FS:= 1.0
Applied shear load V IS:= 1285161 Joint Separalion SFsep FS := 1.0
Applied bending momenl M FS := Gin-Ibf

[#] Reference.F \PROGETTIAMS ZENITH_RADZENITH_RADIATOR\inal analysis'SPOKES _2_PIL._GFRP Verilica bullonibolt_ stiffness_insert_F$_RevC.med
Boll Fall-safe Load data

Joinl separalion load Psep_FS = 190.31bf

Max. load on lhe boll{ullimale}  pb S = (493 5Ib0

Summary of {ail-safa Margins for boll:

Joint separalion M5 _F§, =173 Total Thread shear Ullimate MSAFSS =153
Direct Tension Ullimaile MS_F52 =12.23  Shear Ulimate MS_FS(‘ =971
Tolal Tension Ullimale MS_FS, = 0,94 Bending Ullimale MS FS, = 10

Direct Thread shear Ullimale MSstq = 16.24 Combined shear, lension and bending MS—FSS =093

ultimata

Delerminalion of Lhe smallesl fail-safe margin of safely for the boll, and the lalure mode:

MSbolt_FS := min(M§_FS}

MSboli_FS = 0.93 Failure_Mode_FS = "Combined Shear Tension Bending Ullirnate®
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Installation with nuts

Prepared Page No. Reporl No.
C. Bala 10/11/04
By LOCKHEED MARTI) LMSEAT-0004
Checked Science, Engineering, Analysis, & Test  |Drawing No.
By Mechanical Systems Analysis Deparitment
Title Project Name .
! Bolt sample wilh Nut File name:  bolls_nut_RevG

CHECK BOLTS (NAS1351N3-16 @ 160 ksi), Anchor Nut MS21060L3, Washer NAS260C10L

Flange 1
Part number: Z BKT
Material: GFRP

£ 2 N Flange 1 Flonge 2
ange ﬁ K
Part number: RADIATOR I/F \ AN IJ vd

b Nut
Material: AL 7075 T7351 — {3 -—oBwl- 11 2
Loads Bolt A’///jW .
Applied tensile load P:= 2850l ’
Applied shear load V-= 99 3bf )
Applied bending moment M := Qin-Ibf’
Factors of Safety Temperature data
Ultimate SFu =20 Yield SFy:= 1.25 Assembly Temp_initial := 68 deg
Joint Separalion SFsep == 1.2 Fitbng faclor FF:= 1.15 Maximum Temp_max = 122-deg
Minimum Temp_min = 32-deg

Bolt and Nut Data
Nominal diameter of bolt p .= g.19ip Number of lhreads/inch Ni:= 32.‘—1

in
Tolal length of belt L= |-in Height of nul H = 0.25in

Threaded length Li:= l-in

(If bolt is fully threaded, inpul LL = L)

[#] Reference:EAPROG ETTRAMS_ZENITH_RAD\ZENITH_RADIATOR final analysis\SPOKES_2_PL_GFRP\Verilica bullonithread _data.med

Washer Data Flange data

Thickness of washers w = 0.032in Thickness of lange 1 i1 := 0.15%in
Cuter Diameter of washer Dw := .354in Thickness of flange 2 2 := 0.394n
Inner Diameter of washer Dwi:= 0.195in Diameter of hole D_hole := 0.195in

Bolt head dia. across flats dw = 0.430in {(used only if there is no washer)

Note: If ihere is no washer tw, Dw and Dwi should be zero

Questo documenio contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tulli i diritti sono riservati.
All informalion contained in this document are property of CARLQ GAVAZZ! SPACE SpA. All right raserved.
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! Boll sample with Nut File name:  bolls_nut_RevC

Material Property Data

Bolt

Temperalure correction faclor for bolt slrengih ultimate. TSu_bolt := 0.94 Yield TSy bolt := 0.94
Boll ultimate lensile allowable stress Ftu_bolt := 160000psi

Bolt ullimale shear allowable stress Fsu_bolt := 0.6 Ftu_bolt

Boll yield Tensile allowable stress Fty_bolt := 110000psi

Temperature correclion faclor for bolt modulus TE_bolt := 0.94
in

Modulus of elasticity of boil E boli:= (29_].](}6.psi) Thermal coeffecient for bolt a_bolt_hot :=0.1-.10 6_in_

deg
Nut in
Temperature correclion faclor for nul strength TS nut := 0,94 a bolt cold = 7.810 6._iL
- T deg
Ullimate tensile allowable stress Ftu_nut := 160000psi
Ultimate Shear allowable slress: Fsu_nul = 0.6 Ftu_nut
Ultimate axial slrength of nut Ptu_nut := 8400 1bf
Washer
Temperature correction factor for washer modulus TE_washer := 1.0
Modulus of elasticily of washer: E_washer := (29, |.106-psi)
Flanges
Stiffness of the joint depends upon number of members in the grip of the fasteners,
Modulus of elaslicity of these members, and diameters of the boll and the washer.
Temperature correction faclor for flange 1 TFE:= 1.0 (modulus)
Temperature correction faclor for flange 2 TRE:=1.0
Modulus of elasticity for lhe parls in the joint E_flangel := (5.9 lob-psi) E_flange2 := (10.5106.],5,')
E m
Coefficient of thermal expansion for flanges «_flangel _hot := 610 6_in_ o_flange2_hot = 12,1510 6 _in
- - deg ~ - deg
E in
o_flangel _cold := 5510 5. o_flange?_cold := 11.510° 0.2
deg deg
Torque/Preload data Maximum torque Tmax:= 4¢in-1bf Loading plane factor n:=0.5
Minimum torque Tmin:= 35in-1bf Preload Uncerlainty I =035
Torque coefficient k:=02
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[ Reference:E:PROGETTRAMS_ZENITH_RAD\ZENITH_RADIATOR final analysis\SPOKES_2_PL_GFRP\Verilica bullonitbolt_ stilTness_nut_RevC.med

FF = 1.5
Boll Load data

Boll/joinl stiffness lactor b =0294 Preload due to lemperalure Pihr_pos = 24.6Tb{

Max. preload PLDmax= 1445.7Ibf Pihr_neg = -25.21bF
Min. preload PLDimin= 502.51bI Uncerlainty factor I =035
Joinl separalion load Psep = 34.21bF Torque coeflicienl k=02
Max. load on the bolt{ullimale) Pb = 1455.31br Loading plane faclor n=05
Max. load on ihe bolt(yield - i Thread pulloul strenglh required
(yield) Phy = 1451.7Ib! p gth req PAs < M741b

1o develop [ull sirength of boll

Boll ullimale lensile strenglh PAt = 28951bI Nut ullimale iensile slrenglh Pu_nut = 78961bF

Length_check = “Bol length is sulticient”

Summary of Margins for bolt:

Joint separation MS, = 1398 Direcl Thread shear Ultimate MS§, =52
Direcl Tension Ullimale MS, = 43.16 Tolal Thread shear Ulimale MS, = 1.39
Direcl Tension Yield M8 = 47.58 Shear Ultimale MS, =593
Total Tension Ullimale MS, = 0.9¢ Bending Ullimale MS, = 10
Tola! Tension Yield MS = 0.37 Cambined shear, (ension and bending  MS_ | = 0.97
ullimate
PLDmax 100

Uil_coelt := Util_coell = 72.635

PAy
Delermination of Lhe smallest mar}gin of salety for lhe boll, and lhe failure mode.

MSholt := min(MS})

MSbol = 0.37 Failure_Mode = "Total Tension Yield"

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritli sono riservati.
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Fall-safe Analysls

Fall-safe Loads Fail-safe Factors of Safety
Applied 1ensile load P FS .= 21710l Ullimale SFu F§:= 1.0
Applied shear load V FS:=47.61bI Jainl Separalion  SFsep FS§ := 1.0
Applied bending moment M _FS = 0-in-lbi’

[3] Reference:EAPROGETTIAMS_ ZENITH_RADVZENITH_RADIATOR\final analysis\SPOKES_2_PL_GFRP\Werifica bulloni\bolt stiffness_nut_FS_Rev(C.mc
Bolt Fail-safe Load data

Joint separalion load Psep_FS = 217lbf

Max. load on the bell(ulimale} pb_I'S = [482.41b{

Summary of fall-safe Margins for bolt:

Joinl separalion Ms_1:s| =1.36 Total Thread shear Ullimate MS-~F55 =1.34
Direct Tension Ullimale MS—FSz = 106 Shear Ullimate MSiFS" =219
Total Tension Ullimale MS_FS, = 095 Bending Ultimate MS_I-‘S7 =10

Direcl Thread shear Ullimate M5 T8, = 12.92 Combined shear, lansion and bending M$ S, = 0.95
=k ullimale -t

Delerminalion of ihe smallest fail-safe margin of safely {or lhe boll, and ihe fallure mode:

MSbolt_FS := miMS_F$)

MSboll_FS§ = 093 Failure Mode_FS = "Combined Shear Tension Bending Ultimate”

Questo documento contiene informazioni di propriela di CARLO GAVAZZI SPACE SpA. Tutti i diritli sono riservati.
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